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ʇʄɺ ǹǅɺ
ʇɿɺǡĮ͙ơƟɺ
ɺ ɺƆƄƛ˽˒Ō̈˵ǧŚí˼ɶ˘	ŁƭǌǄ˼̙̗̩͒ôłƜ˶˗̎˓̳̽ƆƄƛ˼ƝƜ
ǹ˷˨˵˽ƆƄƛ̒ƝƜ˨˯̷̗˺̋̎:˝
˶˗̍˒˭˼½ƽ˷˨˵̷̗̒½Ț˷˨˯
ɡ̡͕̯͖đƳ˝ĴW˶˗̎˝˒¤ˠ˼ƝÃȶ˶˽Ķ˰Ũǲ˝ǐ˘˵˘̎ƅõ˺˗
̎˓ƆƄƛŭũ\˼˯̈˺˽WĿƟ˹̷̡̗͕̯͖đƳùƗ˝éǹ˶˗̍˒̷̗ɡ˺˛ˢ
̎ƆƄƛ!ęXõ˺˳˘˵˼ƧǺ˝éɪ˶˗̎˓˭ˤ˶˒I¯ƚ²Ɵ͔͚̯͂̕˺̋̍Ɔ
Ƅƛ̙̗̩͒̒Ʌ!¯͓̓͒˶ȳȦ˪̎ˤ˷˶˒̖͖̀͑̿C͜˒̖͖̀͑̿͝˺˛ˢ
̎ƆƄƛ̙̗̩͒˼!ęXõȁĪ̒ǲ˲˯˓Ç˶˗̖͖̎̀͑̿˶˽˒¥˞ˠIˢ˵Çɓ!
ę˷ÇD!ę˼ʈ̼̭͚͖˝°˪̎˝˒˭̏ˮ̏˼!ę̼̭͚͖˺˳˘˵˒I¯ƚ²̒
ȩ˺ğƍ̲͋͒̊ƶɓȁĽ˒ĮǿɅ!²̒Ƒ˘˵ƨƵ̒ǲ˲˯˓ɺ
ɺ
ʈɿɺĥťɺ
ɺ ɺrXƟXƂƆƄƛ̦͚̗͖̩̓͐˺˛˘˵ʈʆʆʊˍʈʆʇʉÒ˺̬͖͒ȕÇ˜̌â̌̏˯ȃ
ʉʆʈŋ&˼ƆƄƛ̙̗̩͒Ʌ!¯ɊK̒Ƒ˘˒Ʌ!¯ǄǎȁĽ̒ǲ˲˯˓ɺ
ɺ ɺ̬͖͒ȕÇ˺˵Ǻ̌̏˯Çɓ!ę˺˳˘˵˒̙̗̩͒Ʌ!¯ð˷ŋ&ďqĨn˿ďq
˼ð˷ǋ̆x̑ˬ̎ˤ˷˶I¯ĭȃ͙Ǆǎƍ²ƟȁĽ̒ǲ˘˒Çɓ!ę̼̭͚͖͙
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Çɓ!ęĭĵ˼Ē¶̒ǲ˲˯˒ôłƜğƍ̲͋͒˺̋̎Çɓ!ę˜̌Ɯ)ŋH̅˶˼
ĭɓÊĒ¶̒ǲ˲˯˓ɺ
ɺ ɺǐ˘˵˒̬͖͒ÇD˺˵â̌̏˯̙̗̩͒͜ʿɺʒɺʈʎʏ̒͝Ƒ˘˒Ʌ!¯Ǆǎɔ.n˿˭˼ƶ
ɓIÌ˺º˪̎¯̒Ü̶͙̳̤͈͎̱̖͙̽ƆƄƛ½ƽŧX˼ʉƳɰ˼̲͚̭˜̌Đ
Ǉ͙Ȋ,˨˯˓ƆƄƛ̙̗̩͒˼ƍƟ!ę˺Ýɧ̒˚̎Ų¯˷˭˼Ýɧ˺˳˘˵
ĮǿɅ!²˺̋̎ȁĽ̒ǲ˲˯˓ɺ
ɺ
ʉɿɺǍĿɺ
ɺ ɺ̬͖͒ȕÇ˶˽˒̬͖͒Çˍ̭̩́͐Çɓ˶͞˒̬͖͒Çˍ̴̸̝̭͖̘̩̕Çɓ˶͟˒À
˹ˠ˷̉xȃ͠˼Çɓ!ę˝ŋH˦̏˯˓̬͖͒Ç˜̭̩̌́͐Ḉ˼Çɓ!ę˺˳˘˵˒
̋̍Ȍǉ˹I¯ƚ²ȁĽ̒ǲ˲˯˷ˤ̐˒ǅʉʆʆʼʾ̉ɢ̏˯̝͖́͐É˜̌˼̙̗̩͒-@˝
ƙ̑̏˒̙̗̩͒Ũ@˜̌Ɯ)ŋH̅˶˺ǅʇʈ͗ĳ̉˼ĭɓÊ˝Ə˩˵˘˯ˤ˷˝ĒŲ˦̏
˯˓ɺ
ɺ ɺ̬͖͒ÇD˶˽˒Őɶ[Ɋ˝̙̗̩͒˼ƍƟ!ę˺½˨˵Ĳ̉¥˞˹ɟ ˶˗̎˷Ē
Ų˦̏˯˓˨˜˨˒Őɶ[Ɋ̉}̈ƆƄƛ̙̗̩͒ôłɏ˼ƶɓIÌ̒Š¶˴ˢ̎̃˸¥˞
˹Ýɧ̒Ĉ˳¯˽ȍ̈̌̏˫˒Ü̶͙̳̤͈͎̱̖͙̽ƆƄƛ½ƽŧX˷˘˲˯¯˼̙
̗̩͒!ę˺½˪̎Ýɧ˽˦̃˸¥˞ˠ˹˘ˤ˷˝ƪ˦̏˯˓ɺ
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ɺ
ʊɿɺǞ¼͙ǍȔɺ
ɺ ɺ ̖͖̀͑̿˺˛ˢ̎ƆƄƛ̙̗̩͒˼Çɓ͙ÇD!ę˼Ȍǉ˹Xõ˝Ī̌˜˷˹˲˯˓À˹
˘˹˝̌̉Çɓ!ę˝Ə˩˒˭˼ôłɏ˝ǑĈ˦̏˵˘˯ˤ˷˜̌˒Ƌƅ˼½ƽ˶˽ƆƄƛ
ŭũ\˼·Ƌuǣí˝%˘ˤ˷˝ò˦̏̎˓ŭũ\˼˯̈˺˽̦͚̗͖̩̓͐˼Ú\̊
̡͕̯͖đƳƊ˼{˷˘˲˯½ƽ˼Ǐǐ˝Ɍǹ˶˗̍˒ôłɏ˼ƍƟ˹Ó˝̍̒ģ˱
J̎˯̈˺˒ɓ˼Ⱥė˨˯ƆƄƛ½ƽ˝éǹ˶˗̎˷Ǟ˚̌̏˯˓ɺ
ɺ ɺ
 4 
ʈʄɺ ƗȎǾɺ
ʏʋɻʜʤʘʐɺ ɺ ʏʋɻɺʹʺʸʹʶ˄˅ɺˁˀ˄˅ʶ˃ʺˀ˃ɺʵʶʿ˄ʺ˅ˊɺ
ʕʝʐɺ ɺ ɺ ʕ˄˄ˀʴʺʲ˅ʺˀʿɺʝʿʵʶˉɺ
ʕʝʗʴʐɺ ɺ ʕʼʲʺʼʶɺʝʿʷˀ˃ʾʲ˅ʺˀʿɺʗ˃ʺ˅ʶ˃ʺˀʿʂɺʴˀ˃˃ʶʴ˅ʶʵɺ
ʕʝʗʡʐɺ ɺ ʕʼʲʺʼʶɺʝʿʷˀ˃ʾʲ˅ʺˀʿɺʗ˃ʺ˅ʶ˃ʺˀʿɺʷˀ˃ɺʡʲ˃ʼˀˇɺʴʹʲʺʿɺʡˀʿ˅ʶɺʗʲ˃ʽˀɺ˄ʲʾˁʽʶ˄ɺ
ʖʚʐɺ ɺ ɺ ʖʲˊʶ˄ɺʚʲʴ˅ˀ˃ɺ
ʗʕʦʐɺ ɺ ʗˀ˃ʵʺʽʽʶ˃ʲɺʕʵʾʺʿʺ˄˅˃ʲ˅ʺˇʶɺʦʶʸʺˀʿɺ
ʘʕʐɺ ɺ ɺ ʘʶˁʲ˃˅ʾʶʿ˅ɺˀʷɺʕʸ˃ʺʴˆʽ˅ˆ˃ʶɺ
ʘʖʡʐɺ ɺ ʘʶˁʲ˃˅ʾʶʿ˅ɺˀʷɺʖˆʵʸʶ˅ɺʲʿʵɺʡʲʿʲʸʶʾʶʿ˅ɺ
ʘʙʡʐɺ ɺ ʘʺʸʺ˅ʲʽɺʙʽʶˇʲ˅ʺˀʿɺʡˀʵʶʽɺ
ʘʶˁʙʵʐɺ ɺ ʘʶˁʲ˃˅ʾʶʿ˅ɺˀʷɺʙʵˆʴʲ˅ʺˀʿɺ
ʛʝʧʐɺ ɺ ɺ ʛʶˀʸ˃ʲˁʹʺʴɺʝʿʷˀ˃ʾʲ˅ʺˀʿɺʧˊ˄˅ʶʾɺ
ʛʤʧʐɺɺ ɺ ʛʽˀʳʲʽɺʤˀ˄ʺ˅ʺˀʿʺʿʸɺʧˊ˄˅ʶʾɺ
ʛʨʦʁʛʐɺ ɺ ʛʶʿʶ˃ʲʽɺʨʺʾʶɺʦʶˇʶ˃˄ʺʳʽʶɺʾˀʵʶʽɺˈʺ˅ʹɺʛʲʾʾʲɺʵʺ˄˅˃ʺʳˆ˅ʺˀʿɺ
ʛɅ!¯ʐɺ ɺ ʛʽˊʴˀˁ˃ˀ˅ʶʺʿɺʸʶʿʶɺ
ʝʙʗʐɺ ɺ ɺ ʝʿʷˀ˃ʾʲ˅ʺˀʿʂɺʙʵˆʴʲ˅ʺˀʿʂɺʲʿʵɺʗˀʾʾˆʿʺʴʲ˅ʺˀʿɺ
ʠʛʩʐɺ ɺ ʠˀʴʲʽɺʛˀˇʶ˃ʿʾʶʿ˅ɺʩʿʺ˅ɺ
ʠʤɺʘʕʕʗʐɺɺ ʠʲʿʵɺʤ˃ˀʴʶ˄˄ʶ˄ɺʘʺ˄˅˃ʺʳˆ˅ʶʵɺʕʴ˅ʺˇʶɺʕ˃ʴʹʺˇʶɺʗʶʿ˅ʶ˃ɺ
ʡʗʗǄǎŒʐɺ ʡʲˉʺʾˆʾɺʗʽʲʵʶɺʗ˃ʶʵʺʳʺʽʺ˅ˊɺ˅˃ʶʶɺ
ʡʗʡʗʐɺ ɺ ʡʲ˃ʼˀˇɺʴʹʲʺʿɺʡˀʿ˅ʶɺʗʲ˃ʽˀɺ
ʡʘʧʐɺ ɺ ʡˆʽ˅ʺʵʺʾʶʿ˄ʺˀʿʲʽɺʧʴʲʽʺʿʸɺ
ʡʦʗʕʐɺ ɺ ʡˀ˄˅ɺʦʶʴʶʿ˅ɺʗˀʾʾˀʿɺʕʿʴʶ˄˅ˀ˃ɺ
ʢʕʡʦʝʕʐɺ ɺ ʢʲ˅ʺˀʿʲʽɺʡʲˁˁʺʿʸɺʲʿʵɺʦʶ˄ˀˆ˃ʴʶɺʝʿʷˀ˃ʾʲ˅ʺˀʿɺʕˆ˅ʹˀ˃ʺ˅ˊɺ
ʢʗʦʐɺ ɺ ʢʲ˅ʺˀʿʲʽɺʗʲˁʺ˅ʲʽɺʦʶʸʺˀʿɺ
ʢʘʪʝʐɺ ɺ ʢˀ˃ʾʲʽʺˋʶʵɺʘʺʷʷʶ˃ʶʿʴʶɺʪʶʸʶ˅ʲ˅ʺˀʿɺʝʿʵʶˉɺ
ʢʨʘʐɺ ɺ ʢʶʸʽʶʴ˅ʶʵɺʨ˃ˀˁʺʴʲʽɺʘʺ˄ʶʲ˄ʶɺ
ʤɅ!¯ʐɺ ɺ ʤʹˀ˄ˁʹˀˁ˃ˀ˅ʶʺʿɺʸʶʿʶɺ
ʦʆʐɺ ɺ ɺ ʖʲ˄ʺʴɺ˃ʶˁ˃ˀʵˆʴ˅ʺˀʿɺʿˆʾʳʶ˃ɺ
ʦʕʘʘʠʐɺ ɺ ʦʶʸʺˀʿʲʽɺʕʿʺʾʲʽɺʘʺ˄ʶʲ˄ʶɺʘʺʲʸʿˀ˄˅ʺʴɺʠʲʳˀ˃ʲ˅ˀ˃ˊɺ
ʦʝʨʡɺʐɺ ɺ ʦʶ˄ʶʲ˃ʴʹɺʝʿ˄˅ʺ˅ˆ˅ʶɺʷˀ˃ɺʨ˃ˀˁʺʴʲʽɺʡʶʵʺʴʺʿʶɺ
ʧʦʨʡʐɺ ɺ ʧʹˆ˅˅ʽʶɺʦʲʵʲ˃ɺʨˀˁˀʸ˃ʲˁʹˊɺʡʺ˄˄ʺˀʿɺ ɺ
˅ʡʦʗʕʐɺ ɺ ˅ʺʾʶɺ˅ˀɺ˅ʹʶɺʡˀ˄˅ɺʦʶʴʶʿ˅ɺʗˀʾʾˀʿɺʕʿʴʶ˄˅ˀ˃ɺ
ʨʢʏʉʁʛʐɺ ɺ ʨʲʾˆ˃ʲʃʢʶʺɺʾˀʵʶʽɺˈʺ˅ʹɺʛʲʾʾʲɺʵʺ˄˅˃ʺʳˆ˅ʺˀʿɺ
ʫʜʣʐɺ ɺ ʫˀ˃ʽʵɺʜʶʲʽ˅ʹɺʣ˃ʸʲʿʺˋʲ˅ʺˀʿɺ
 5 
ʉʄɺ ǡĮɺ
ɺ ɺƆƄƛ˽ƆƄƛ̙̗̩͒̒ƛj&˷˪̎Ō̈˵ǧŚƊ˼ɶ˘	ŁƭǌǄôłƜ˶˗̍˒
BǱǴƏ²Ɍǹ˹ƉCȷôłƜ˶˗̎˓ɱ̆̌̏˹˘ƁÍƛ͜ʢʶʸʽʶʴ˅ʶʵɺʨ˃ˀˁʺʴʲʽɺ
ʘʺ˄ʶʲ˄ʶʂɺʢʨʘ͝˼˳˷˨˵Ċˣ̌̏˒ƆƄƛ˺̋̎Śǟğ˽ƕ˶Òɓʋʏʂʆʆʆ˷Ē
¶˦̏˵˘̎ʇ˓ƆƄƛ˽A˵˼ɰ˺ôł˪̎˝˒̳̽ƆƄƛ˼ƝƜǹ˷˨˵˽ƆƄ
ƛ̒ƝƜ˨˯̷̗˺̋̎:˝
˶˗̎˓˭˼˯̈˒ƆƄƛ½ƽ˷˨˵˽̷̗̒½Ț˷˨˯ɡ
̡͕̯͖đƳ̷̗̊˼ɃJ˹ƿƍ˝ĴW˶˗̍ʈʂʉ˒Ĩķ˶˽ŭũ\˦̏˵˘̎̉˼˼˒̕
̝̀͑n˿̨̒̕̕	è˷˪̎ʇʋʆ˼˷˝Ķ˰ɶ̡̩͑˷˨˵~˦̏˵˘̎ʊ˓W
ĿƟ˹½ƽ̒ǲ˹˙˯̈˺˽Ʈ²ƟņĆ˺˴ˠ̷̡̗͕̯͖đƳùƗ˝éǹ˶˗̎˝˒̗
̷ɡ˺˛ˢ̎ƆƄƛ!ęXõ˺˳˘˵˼ƧǺ˒ƃ˺ƝÃȶ˺˛ˢ̎ƆƄƛ!ęX
õ˺˳˘˵˼ƧǺ˽˨˘ʋ˓ø˝˶̉Ƚl˺ˤ̏̌ƝÃȶ˜̌˼ȭ@Ɯ)˝~
˦̏˵˛̍ʌʂʍ˒ôłƜ˼ìȸ˹̢͔͚̻͒\̒Ǟö˪̎˷˒˭˼BǱǴƏ²Ɵɮ˽¥˞
˘˷Ǟ˚̌̏̎˓ˤ̏̅˶˺ƺǟ̌˽˒ɶ̡̩͑˺˛ˢ̎ƆƄƛ!ęXõ˼ȁĪ̒ơƟ
˷˨˒ƆƄƛǭØ˶˗̖͖̎̀͑̿C͜˒̖͖̀͑̿̒͝ȓŃ½Ț˷˨˯I¯ƚ
²ƨƵ̒ǲ˲˵˞˯˓̖͖̀͑̿˶˽Òɓʈʆʆˍʉʆʆ)̃˸˼̳̽ƆƄƛƜ)˝~˦̏˵˛̍ʎ˒
˼ļc̨̕̕ȕyŏ˒ƆƄƛɶ̡̩͑˷˨˵ƕ06Ŕɔ͜ʫˀ˃ʽʵɺʜʶʲʽ˅ʹɺ
ʣ˃ʸʲʿʺˋʲ˅ʺˀʿʂɺʫʜʣ͝˺̋̍~˦̏˵˘̎ʊ˓˨˜˨˒Ĩķ̗̠̩̊͑ƻ˶ƆƄƛŭũ\˝÷
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S˨˵˘̎ˤ˷̒Ǟö˪̎˷˒ƍƟ˺ɝɢ˦̏˯Ç˶˗̖͖̎̀͑̿˺˛˘˵̉yŏ˺Ɔ
Ƅƛ˼ŭũ\˝ĵß˶˞ʏ˒̖͖̀͑̿ĜÖ̉ʈʆʈʆÒ̅˶˼ƆƄƛO̒ơŐ˷˨˵˘̎ʇʆ˓
ƆƄƛ̙̗̩͒̒Ʌ!¯͓̓͒˶ȳȦ˪̎ˤ˷˶˒̖͖̀͑̿˺˛ˢ̎ƆƄƛ˼!ę̼̭͚
͖̒ȁĽ˨˯ǍĿ˒̖͖̀͑̿˺˛˘˵Ũǲ˨˵˘̎ƆƄƛ̙̗̩͒Ņ͜ʕ˄ʺʲʿɺʈʳ͝˝˼ļ
c̨͙̕̕ļ̨̕̕ȕ˶Ũǲ˨˵˘̎Ņ͜ʕ˄ʺʲʿɺʇʂɺʈʲʂɺʈʴ͝˷˽Ƙ˹̎ˤ˷˒ǅʇʆʆÒP
˺	˜̌ƆƄƛ̙̗̩͒˼-@̒rˢ˯à˒˜̌˼-@˽Ǻ̌̏˵˘˹˘ˤ˷˒̖̀͑
͖̿D˶̉Çɓ!ę˽Ʊ˶˗̍˒ÇD˶˽ȱɠ˺̅˯˝˲˵Ó˝̎ƶɓɡƴí˝Ǻ
̌̏̎ˤ˷˝MĪ˨˯ʇʇʂʇʈ˓ˤ̏̌˼ǍĿ˜̌˒̖͖̀͑̿D˼ƆƄƛ!ę˺˛˘˵Ū˝¥
˞˹ɟ ˶˗̎ˤ˷n˿D˼!ę̼̭͚͖˷˨˵˽ÇD!ę˷Ʊ˺Ə˩â̎Çɓ!ę˺
I˦̏̎ˤ˷˒ÇD!ę˺˛˘˵˽˭˼Ú˘ƶɓɡƴí̒ɐ̆˯̷̡̗͕̯͖đƳùƗ
˝ĴW˶˗̎ˤ˷˝Ǟ¼˦̏˯˓̖͖̀͑̿˽ʉ˳˼ǜÇ̬͖͒͜ȕÇ͢ʠˆˋˀʿ͙̦͍ͣ̾ȕÇ
͢ʪʺ˄ʲˊʲ˄̵͙͈͖̮̜ͣȕÇ͢ʡʺʿʵʲʿʲˀͣ͝˒ʇʍ˼ĥ͜ʦʶʸʺˀʿ͝˒˦̌˺É͜ʤ˃ˀˇʺʿʴʶ͙͝Ë
͜ʗʺ˅ˊ͙͝Ɣ͜ʡˆʿʺʴʺˁʲʽʺ˅ˊ͝˜̌˹̍͜͞͝˒Ĳ¿ǲĜd$˷˨˵̻͖̞̗͐͜ʖʲ˃ʲʿʸʲˊ͝˷˾
̏̎ǲĜd$˝°˪̎ĥǦŢí˼ɶ˘˶˗̎˓˨˯˝˲˵w˼ƆƄƛ½ƽ˽É
̊Ë͙Ɣƻ˼ĥǦŢ&͜ʠˀʴʲʽɺʛˀˇʶ˃ʿʾʶʿ˅ɺʩʿʺ˅ʂɺʠʛʩ͝
&˶ǲ̑̏˵˛̍˒wʠʛʩ˝˸
˼̋˙˹½ƽ̒˪̎̂˞˜˷˘˙ǼŻ˶ƆƄƛŨǲXõ̒ȁĪ˨˹ˢ̏˾˹̌˹˘˓ʈʆʈʆÒ
̅˶˼ƆƄƛO̒ơĉ˨˒wʠʛʩ˺˵̷̗˺½˪̡͕̯͖̎đƳƻ˼½ƽ˝ǲ̑̏˵˽
 7 
˘̎̉˼˼˒ƆƄƛŨǲƅŤ˺¥˞˹ě˽Ǻ̌̏˵˘˹˘˓̖͖̀͑̿D˶̡͕̯͖đ
Ƴƻ˼½ƽ˝ĴW˶˗̎ˤ˷˽˒͚̈́͒ͅÇ˺˛ˢ̎¥ǻő˹½ƽ̢͔͉͂͐˝Ɯ)ğ̒
Ȫů˦ˬ˯ǌɵ˜̌̉Īƞ˶˗̎˝ʇʉ˒ʠʛʩD˗̎˘˽ʠʛʩɓ˶ƆƄƛ½ƽùƗ˝ƩƷ˦
̏˵˛̌˫˒½ƽ˝çÕ˦̏˵˘˹˘˯̈˺D˼ŨǲƅŤ̒ě˪̎ˤ˷˝˶˞˵˘˹
˘˷Ǟ˚̌̏̎˓ʠʛʩ˺̋̎ĴW˹ƆƄƛ½ƽ̒ƩƷ˪̎˯̈˺˽˒ƆƄƛŨǲ˼A&;
̒ÿĕ˪̎˼̆˹̌˫˒D˼ĭƶɓƟ!ęXõ̒Ȍǉ˺ȁĪ˪̎éǹ˝˗̎˓ɺ
ɺ ɺ ˕ƆƄƛ̙̗̩͒˝˸˼̋˙˺Ó˝˲˵˘̎˼˜˖˷˘˙!ęXõ˼ȁĪ˺˛˘˵˒̙̗͒
̩˼Ʌ!¯ǄǎȁĽ͜ʤʹˊʽˀʸʶʿʶ˅ʺʴ˄͝˽ɥÏ˺ĴƑ˹ĥť˶˗̎˓Ʌ!¯ȁȑþǳ˼ơǽ
̅˨˘ƝÃ˺̋̍˒ŏ˔˹͙Ò˺˛ˢ̎ŏ˔˹ƛj&˼Ʌ!¯ɊKð˝ʛʶʿʖʲʿʼƻ
˼̡̲͚̭̻͖˺Bɒ˦̏˵˘̎˓˭˼˯̈˒Ũǲ˨˵˘̎ƆƄƛ̙̗̩͒˼Ʌ!¯ɊK̒
ȁȑ˨˒˭˼Ʌ!¯˼ƣyí̒Bɒ̲͚̭˷ƀ̌˨x̑ˬ̎ˤ˷˶˒˸˼̋˙˹Ʌ!¯˼
̙̗̩͒˝Ũǲ˨˵˘˯˼˜˒̅˯˒ƶɓIÌ˷x̑ˬ˵ǿ¼˪̎ˤ˷˶Ũǲ˨˵˘̙̗̎͒
̩˝˸ˤ˜̌Ļ˯˼˜̒Ē¼˪̎ˤ˷˝˶˞̎ʇʊʂʇʋ˓˦̌˺˒ʤʹˊʽˀʵˊʿʲʾʺʴ˄˷˾̏̎üť˝
ȱÒǬ˨ˠƝÃ˨˵˛̍˒ƛj&͜ƃ˺Ʌ!¯ǛĔȸ×˼¥˞˘ʦʢʕ̙̗̩͒͝˼Ʌ!¯¢
Ƙð˷ŋ&˼ƚ²ð͜ŋ&ďqĨ̊ďq˹˸̒͝ǋxˬ̎ˤ˷˶˒˭˼Ȍǉ˹!ę
Xõ˼ȁĪ˝Ȼ̓˶˘̎ʇʌ˓xƬƍȔ͜ʗˀʲʽʶ˄ʴʶʿ˅ɺ˅ʹʶˀ˃ˊ͝˷˽˒Ƌ˼ɡ˜̌â˯Ʌ!
¯ǄǎŒ˝˒˸˼̋˙˹Xõ͜˗̎˘˽Ȼ\v̒͝ǌ˵Ü÷˦̏˯ɡ̋̍â̌̏˯˼˜̒Ǆ
 8 
ǎŒ˼IÅ̒ɂ˲˵Ē¶˪̎üť˶˗̎ʇʍ˓ʤʹˊʽˀʵˊʿʲʾʺʴ˄˶˽ˤ˼ʗˀʲʽʶ˄ʴʶʿ˅ɺ˅ʹʶˀ˃ˊ̒
êƑ˨˒ďq˨˯ƛj&˼Ʌ!¯¢Ƙ̒ĭƶɓƟ˺ɂǲ˪̎ˤ˷˶˒ƛj&˼Ʌ!¯Ǆǎ
Œ˺ţ˲˯Ʌ!¯Ȼ\ȽƲ͙Ȼ\ȽƲ˺˛ˢ̎IÅÒ͜I¯ĭȃ˒ʡˀʽʶʴˆʽʲ˃ɺʴʽˀʴʼ͙͝ƶ
ɓƟ!ęȽƲ͜Ǆǎƍ²˒ʤʹˊʽˀʸʶˀʸ˃ʲˁʹˊ͝˒˦̌˺˽ƛj&ɡXõ͜ʤˀˁˆʽʲ˅ʺˀʿɺ
ʵˊʿʲʾʺʴ˄͝˼EŎǁ˺̋̎ƚ²̼͚̭͐͊͜ķEƏƐğ͢ʖʲ˄ʺʴɺ˃ʶˁ˃ˀʵˆʴ˅ʺˀʿɺʿˆʾʳʶ˃ʂɺʦʆͣ͝
˼Ē¶üť˝ɒƝ˦̏˵˘̎ʇʎʃʈʈ˓ʤʹˊʽˀʵˊʿʲʾʺʴ˄̒Ƒ˘˵ƆƄƛ˼-@ĭĵ̊-@͙!ę
ǌȧ̒Ē¶˪̎ƨƵ˝Ȼ̓˶˛̍ʇʈʂʈʉʃʈʍ˒ķƨƵ˶˽ˤ˼̋˙˹Ʌ!¯ǄǎȁĽ̊
ʤʹˊʽˀʵˊʿʲʾʺʴ˄̒ȩ˺˒ğƍ̲͋͒˒ƍð̧̩̱͉͜ʛʶˀʸ˃ʲˁʹʺʴɺʺʿʷˀ˃ʾʲ˅ʺˀʿɺ˄ˊ˄˅ʶʾʂɺ
ʛʝʧ͝˒ĮǿɅ!²Ɵüť̒ǋ̆x̑ˬ̎ˤ˷˶˒̋̍Ȍǉ˹ƆƄƛ˼ĭƶɓƟ!ęXõ˼
ȁĪ̒ơĉ˪˓ğƍ̲͋͒˺̋̍ŏ˔˹ƚ²̼͚̭͐͊˺˛ˢ̎ƆƄƛŨǲXõ̧͈͎͓
̧͚͏͖˝ʈʎ˒ʛʝʧ˺̋̍ƆƄƛôłɏ˼ƶɓȁĽ˝uǣ˷˹̎˓̅˯˒ȱÒƏõ²˶ƝÃ˝
Ǻ̌̏̎ĮǿɅ!²͜XŊƂ˼Ʌ!¯ŨX̼̭͚͖̒Ü˼í̒Ƒ˘˵Ē¶˪̎
üťʈʏ̒͝ƛj&˼Ʌ!¯ŨX˺êƑ˪̎ˤ˷˶˒ƆƄƛ̙̗̩͒˼!ę˝˸˼̋˙˹¯
͜ʶʄʸʄɺÜ͝˜̌Ýɧ̒rˢ˵˘̎˼˜̒ȁĽ˪̎ˤ˷˝˶˞̎˓ķƨƵ˶˽˒s˼ağ
̒f̈˒XƂƆƄƛƜ)˝¤ˠ~˦̏˵˘̬͖̎͒ȕÇ̒ƨƵ½Ț˷˨˒ȅ
˼ȁĽüť̒Ƒ˘˵Çɓ!ęn˿ÇD!ęXõ˼Ȍǉ˹I¯ƚ²ƨƵ̒ǲ˙ˤ˷˷˨˯˓ɺ
ɺ ɺ
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ʊʄɺ ơƟɺ
ɺ ɺ¤ˠ˼Ç˔˜̌˹̖͖̎̀͑̿˺˛˘˵˒ƝƏɬ×˝À˹˘˷˽˘˚Çɓ!ę˼Ȍǉ˹ƃ
æ˒˗̎˘˽Çɓ!ę˺½˪̎½ƽ˺˳˘˵ŋȄ˪̎ˤ˷˽ɥÏ˺Ɍǹ˶˗̎˓ƆƄƛŭ
ũ˶˗˲˵̉˒żƟ˹Çɓ!ę˺̋̎ƆƄƛ̙̗̩͒˼-@˺̋˲˵ƆƄƛǭØ
˷˹̎uǣí˝˗̍˒A&˷˨˵ƆƄƛ̒ŭũ\˪̎˯̈˺˽˒˭˼̋˙˹żƟ˹Ç
ɓ!ę˺½˪̎½ƽ˝éǹ˶˗̎˷Ǟ˚̌̏̎˓˭ˤ˶ķƨƵ˶˽˒Ʌ!¯ǄǎȁĽ˺̋̍
̬͖͒ȕÇ˺˛ˢ̎Çɓ!ęƙ˘)̒ĐǇ˨˒˦̌˺ɥŨǲ˶˗˲˯͔͖͔͖́É
͜ʦˀʾʳʽˀʿ̭̩́͐͝Ç͜ʨʲʳʽʲ˄ɺʝ˄ʽʲʿʵ͝˺˛ˢ̎Ç£˜̌˼ƆƄƛ-@)̒I¯ĭȃ͙Ǆ
ǎƍ²˼üť̒Ƒ˘˵Ȍǉ˺ȁĽ˪̎ˤ˷˶˒Çɓ!ęXõ˼ȁĪ̒ơĉ˪ˤ˷˷˨˯˓
̅˯˒̙̗̩͒-@à˼ôłXõ̒ğƍ̲͋͒˺˵̧̧͈͎͓͚͏͖˪̎ˤ˷˶˒ɥŨǲ
́˼̙̗̩͒-@˜̌ŨǲŋH̅˶˺Ď˜̎ĭɓ̒Ē¶˨˒Çɓ!ę˺éǹ˹½ƽ˺˳˘
˵ƧǺ̒â̎ˤ˷˷˨˯˓ɺ
ɺ ɺ ̖͖̀͑̿˼ÇD!ę˺˳˘˵˽Ú˘ƶɓɡƴí˝Ǻ̌̏̎ˤ˷˝I˜˲˵˛̍˒˭˼Ú
˘ƶɓŎȹ̒Ǟö˨˯̷̡̗͕̯͖ùƗ˝ĴW˶˗̎˷ƪ˦̏˵˘̎ʇʇʂʇʈ˓˶Ũǲ˨˵
˘̎ƆƄƛ˼ôłɏ̒WƊƟ˺ģ˱J̎˯̈˺˽˒˭˼ƶɓɡƴí˼ǹ̒Ī̌˜˺˨˒
ƆƄƛ˝D˶˸˼̋˙˺Ó˝˲˵˘̎˼˜̒ȁĪ˪̎ˤ˷˝Ɍǹ˶˗̎˓šÈ̊Ä˝]
ǂ˼ɍƏXƂ̢̡̗͇͙̩̝͖͐̕͜ƻ͝˺˛ˢ̎ƆƄƛ!ę˺Ýɧ̒˚˵˘̎ˤ˷˽ħ˺
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~˦̏˵˘̎˝ʉʆʃʉʉ˒¤ˠ˼ƝÃȶ˶˽̷̗˝ƆƄƛ!ę˼
ǹ¹
˶˗̎˓˭˼˯
̈˒̷̗ɡ˺˛ˢ̎ƆƄƛ!ę˺˸˼̋˙˹¯˝Ýɧ̒˚˵˘̎˼˜̒ȁĪ˪̎ˤ˷
˝Ş̈̌̏˵˘̎˓˭ˤ˶˒̙̗̩͒Ʌ!¯ǄǎȁĽ˷ƶɓȁĽ̒ǋxˬ˒˦̌˺ĮǿɅ!
²˷˾̏̎Əõ²Ɵüť̒Ƒ˘̎ˤ˷˶˒̬͖͒ÇD˺˛ˢ̎ƆƄƛ̙̗̩͒ƍƟ!
ę˼ɟ ͙/Ȼ¯˼ĐǇ͙Ȋ,̒ǲ˙ˤ˷˷˨˯˓̙̗̩͒˼ƍƟ˹ćĞ˺½˪̎˕̤̩̳
͜ăāí͝˖̒Ȇ¶˨˒ƆƄƛ̙̗̩͒˼ćĞ̼̭͚͖̒ȐĪ˨˙̤̩̳̲̎͋͒̒Ē¶˪̎ˤ
˷˶˒ƆƄƛôłɏ̒̋̍WƊƟ˺ģ˱J̎˯̈˼½ƽ˺˳˘˵Ǟ¼̒ǲ˲˯˓ɺ
ɺ
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ʋʄɺ ĥťɺ
ʋʄʇɺƆƄƛ̙̗̩͒Ʌ!¯ɊK̲͚̭ɺ
ɺ ɺ ˤ̏̅˶˼̖͖̀͑̿˺˛ˢ̎I¯ƚ²ƨƵyŏ˒XƂƆƄƛ͜
˺̷̗ƆƄƛƜ)̒͝
½Ț˷˨˯rXƟ̦͚̗͖̩̓͐˺̋̍ƆƄƛ̙̗̩͒Ʌ!¯̲͚̭̒pɡ˨˯ʇʇ˓wĥ
XƂǴƏƨƵû͜ʦʶʸʺˀʿʲʽɺʕʿʺʾʲʽɺʘʺ˄ʶʲ˄ʶɺʘʺʲʸʿˀ˄˅ʺʴɺʠʲʳˀ˃ʲ˅ˀ˃ˊʂɺʦʕʘʘʠ͝˺˵ƆƄƛɜ
í)͜Ƣđǰ>ā&ť˺̋̎Ȉģ̒͝â˯à˒ɜíXƂ͜
˺̷̗͝˼ǤǋǙŋ&̋̍ƆƄ
ƛ̙̗̩͒ʦʢʕ̒ąH˨˯˓ʧʲʺ˅ˀ̌˼ĥť˺á˘˒â̌̏˯̙̗̩͒ʦʢʕ̒Ƒ˘˵ʦʨʃʤʗʦ
n˿̦͖̞͚ť˺̋̎ɊKȁȑ̒ǲ˘˒ƆƄƛ̙̗̩͒˼r¸&ǍxɈ$˶̉˗̎ʛ
̡̭͖̼ȟ̴̤͚Ʌ!¯͜ʛɅ!¯ʂɺʛʽˊʴˀˁ˃ˀ˅ʶʺʿɺʸʶʿʶ͝˼AɑɊK̲͚̭͜ʇʂʋʍʈ̒͝â
˯ʇʇ˓ʦʨʃʤʗʦ˺˽ʧˆˁʶ˃˄ʴ˃ʺˁ˅ɺʝʝʝɺʣʿʶʃʧ˅ʶˁɺʦʨʃʤʗʦɺʧˊ˄˅ʶʾɺˈʺ˅ʹɺʤʽʲ˅ʺʿˆʾɺʨʲ˂͜ʨʹʶ˃ʾˀɺ
ʚʺ˄ʹʶ˃ɺʧʴʺʶʿ˅ʺʷʺʴʂɺʫʲʽ˅ʹʲʾʂɺʡʕʂɺʩʧʕ̒͝˒ʤʗʦƐƂ˼ǃǸ˺˽ʥʝʕ˂ˆʺʴʼɺʤʗʦɺʤˆ˃ʺʷʺʴʲ˅ʺˀʿɺ
ʟʺ˅͜ʥˆʲʸʶʿʂɺʜʺʽʵʶʾʂɺʛʶ˃ʾʲʿˊ̒͝˒ɊKȁȑ˺˽ʖʺʸʘˊʶɺʨʶ˃ʾʺʿʲ˅ˀ˃ɺˇʉʄʇɺʧʶ˂ˆʶʿʴʺʿʸɺ
ʟʺ˅͜ʨʹʶ˃ʾˀɺʚʺ˄ʹʶ˃ɺʧʴʺʶʿ˅ʺʷʺʴ͝˒ʖʺʸʘˊʶɺʬʨʶ˃ʾʿʺʿʲ˅ˀ˃ɺʤˆ˃ʺʷʺʴʲ˅ʺˀʿɺʟʺ˅͜ʨʹʶ˃ʾˀɺʚʺ˄ʹʶ˃ɺ
ʧʴʺʶʿ˅ʺʷʺʴ͝n˿ʕʖʝʉʍʉʆˉʽɺʘʢʕɺʕʿʲʽˊˋʶ˃͜ʨʹʶ˃ʾˀɺʚʺ˄ʹʶ˃ɺʧʴʺʶʿ˅ʺʷʺʴ̒͝(Ƒ˨˯˓ķƨƵ˶
˽˒ʧʲʺ˅ˀ̌˝ʈʆʆʊÒˍʈʆʇʆÒ˺̬͖͒ȕÇ̋̍â˯ʇʋʌŋ&I˼ʛɅ!¯ɊK̲͚̭˺T˚˒
Ĥ˯˺ʇʊʌŋ&͜ȃʉʆʈŋ&͝I˼ʛɅ!¯ɊK̲͚̭̒â˯͜ǵʇn˿ǵʈ͝˓̅˯˒ŋ&ď
q͜Ɣ͝˼	èŻ˼ǖ×ǌ×̒ąH˨˒ɘ˼ȁĽ˶(Ƒ˨˯˓ɺ
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ɺ ɺķƨƵ˽̖͖̀͑̿ƁÍ_²ƨƵû͜ʦʶ˄ʶʲ˃ʴʹɺʝʿ˄˅ʺ˅ˆ˅ʶɺʷˀ˃ɺʨ˃ˀˁʺʴʲʽɺʡʶʵʺʴʺʿʶʂɺʦʝʨʡ͝˼
4ƍ¬ ˺˵ýȍ˦̏˵˘̎͜ʢˀʄɺʈʆʆʎʃʆʇʃʇ͝˓ɺ
ɺ
ʋʄʈɺ̲͚̭ɺ
ɺ ɺ ̖͖̀͑̿˼ǲĜ̲͚̭˽ʛʽˀʳʲʽɺʕʵʾʺʿʺ˄˅˃ʲ˅ʺˇʶɺʕ˃ʶʲ˄˼̙̦̗̳́̚
͜ʹ˅˅ˁʐʅʅˈˈˈʄʸʲʵʾʄˀ˃ʸʅ̋̍͝@ü˨˒ʦɺʉʄʇʄʆɺɾʦɺʗˀ˃ʶɺʨʶʲʾʂɺʦɺʚˀˆʿʵʲ˅ʺˀʿɺʷˀ˃ɺʧ˅ʲ˅ʺ˄˅ʺʴʲʽɺ
ʗˀʾˁˆ˅ʺʿʸʂɺʪʺʶʿʿʲʂɺʕˆ˄˅˃ʺʲɿ˼+)n˿&),((%+̨̼̰̣͚̒Ƒ˘˵'˨˯˓ɺ
ɺ
ʋʄʉɺɅ!¯ǄǎȁĽɺ
ɺ ɺ̬͖͒ȕÇ˺˵â̌̏˯ʉʆʈŋ&I˼ʛɅ!¯ɊKð̒Ƒ˘˒̗̪̓ť˺̋̎Ʌ!¯
ǄǎŒ˺̋˲˵ŋ&ɓ˼Ʌ!¯Ǆǎ²Ɵ˹ɔ.í̒Ē¶˨˯˓ǄǎŒ'÷˽ʡ˃ʖʲˊʶ˄ɺ
ˇʉʄʈʄʉ̒Ƒ˘ʉʊ˒͇̤͒̀Ⱥɏ͖̱̝͔͋͒ť͜ʡʲ˃ʼˀˇɺʗʹʲʺʿɺʡˀʿ˅ʶɺʗʲ˃ʽˀʂɺʡʗʡʗ͝˺̋̎
ʇʶʍ˼ǄǎŒ'÷̒ǲ˲˯à˒ʇʆʂʆʆʆ2˼ǄǎŒ̒ąH˨˯˓ʨ˃ʲʴʶ˃ɺˇʇʄʌ
͜ʹ˅˅ˁʐʅʅ˅˃ʶʶʄʳʺˀʄʶʵʄʲʴʄˆʼʅ˄ˀʷ˅ˈʲ˃ʶʅ˅˃ʲʴʶ˃ʅ͝˺˵¶Ïƅõ̒Ʃȍ˨˯à˒Lĵ3˼Ýɧ˝
˗̎Lĵ͜Lĵ˼ʇʆɻ̒͝ɛ˞˒ʋʆɻ¤ğŠxóŒ͜ʋʆɻɺʾʲʻˀ˃ʺ˅ˊɺ˃ˆʽʶɺʴˀʿ˄ʶʿ˄ˆ˄ɺ˅˃ʶʶ͝n
˿ǄǎŒ̴̹͚͜ʿˀʵʶ͝˼àƩƊ̒â˯˓ǛĔ̲͋͒˷˨˵˽˒ʡʙʛʕʋ̬̳̙̀̒̚̕
Ƒ˘˵ƾH˨˯ǶŘŮȡşðŶ͜ʕʼʲʺʼʶɺʝʿʷˀ˃ʾʲ˅ʺˀʿɺʗ˃ʺ˅ʶ˃ʺˀʿʂɺʴˀ˃˃ʶʴ˅ʶʵʂɺʕʝʗʴ̋̍͝˒
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̦̗̳˺̋̎ǛĔȸ×˼˾̌˳˞̞͖͇̒IÌ˶ǶŘ˨˯ǩĭɓȵȨ̲͋͒
͜ʛʶʿʶ˃ʲʽɺ˅ ʺʾʶɺ˃ ʶˇʶ˃˄ʺʳʽʶɺʾ ˀʵʶʽɺˈ ʺ˅ʹɺʸ ʲʾʾʲɺʵ ʺ˄˅˃ʺʳˆ˅ʺˀʿʂɺʛʨʦʁʛɺʾ ˀʵʶʽ̒͝ďƑ˨ʉʋ˒̡̭͖̼
ȟ̴̤͚Ʌ!¯˶˗̎ˤ˷̒ɐ̆w̴̤͖$ǛN˺ǛĔ̲͋͒̒Û˵˽̈ȁĽ̒ǲ˲
˯˓ɺ
ɺ ɺ ̅˯˒˺˛ˢ̎ƆƄƛôłɏ˼ƶɓɡƴí̒ƪ˪ˤ˷̒ơƟ˷˨˒̬͖͒Ç˶â̌̏
˯ƆƄƛ̙̗̩͒͜ʿɺʒɺʈʎʏʂɺʛɅ!¯͝˼̆̒Ƒ˘˵yŏ˺̗̪̓ǄǎŒ̒'÷˒Ʌ!¯Ǆ
ǎ̡̩̭͚͐̒˺ƪ˨˯˓Ʌ!¯Ǆǎ̡̩̭͚͐˽ʤʹˊʽˀʤʲ˃˅̢͔͉͂͐̒Ƒ˘˯
ʵʶˁ˅ʹʃʷʺ˃˄˅̥̪͉͒͑̕˺̋̍˒îóƟ˺¶ǝ˨˯ʉʌ˓ǄǎŒ˼ŒɑAɑ˼ʇʋɻ̴͙̹͚à
ƩƊʏʆɻ͙ʋŋ&ʅ̡̩̭͚̝̰̳̜͐̒̀˷˨˵̡̩̭͚͐¶ǝ˷˨˯˓¶ǝ˨˯Ʌ!¯Ǆǎ̡͐
̩̭͚˥˷˺ŋ&ďq̒˺͔̰̳͂˨˒Ʌ!¯Ǆǎ̡̩̭͚͐˼ƶɓɡƴí˺˳˘
˵ǿ¼̒ǲ˲˯˓ɺ
ɺ
ʋʄʊɺÇɓ!ę˼I¯ĭȃ͙Ǆǎƍ²ƟȁĽɺ
ɺ ɺ ʋʄʉ˼Ʌ!¯ǄǎȁĽ˺˛˘˵˒ȱÒȣˤ˲˯˷Ǟ˚̌̏̎Çɓ!ęƙ˘)˝ŋH˦̏
˯ˤ˷˜̌˒ƙ˘)̒}̴̡̦͓͚̇́͜ʿʒʉʏʂɺ ͔͖͔͖́Ḙ̩́́͐Ç̋̍ʌŋ&˒̬͖͒Ç˼
̵̧̼͖̞͖É͢ʤʲʿʸʲ˄ʺʿʲʿ͙̼͖̼͖̞ͣÉ͢ʤʲʾˁʲʿʸʲ͙̝͖ͣ́͐É͢ʖˆʽʲʴʲʿͣ̋̍ȃʉʉŋ
&͝˺˳˘˵˒I¯ĭȃȁĽn˿Ǆǎƍ²ƟȁĽ˺̋̎Ȍǉ˹Çɓ!ęXõ˼ȁĽ̒
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ǲ˲˯˓ȁĽ˪̎˺˗˯̍˒y˩̴̡̦͓͚́˜̌ąH˨˯ʉʏŋ&˽˘˺Ʌ!Ɵȥɢ˝ȱ
˘˯̈˒ʛɅ!¯˼̆˶˽Ʌ!¯ǄǎȁĽ˺`I˹ȁ;×̒â̎ˤ˷˝˶˞˹˘˷Ǟ˚̌
̏̎˓˭ˤ˶˒I¯ĭȃȁĽn˿Ǆǎƍ²ƟȁĽ˺˛ˢ̎ðɎ̒̊˪˯̈˒PȲ˨
˯̴̡̦͓͚́˺}̅̏̎ʉʏŋ&˺˳˘˵˒ʤ̡̭͖̼ȟ̴̤͚Ʌ!¯͜ʤɅ!¯ʂɺ
ʤʹˀ˄ˁʹˀˁ˃ˀ˅ʶʺʿɺʸʶʿʶ͝˼AɑɊK̲͚̭͜ʎʏʇ̒͝â˯˓ȨFɋǆŎ÷÷I̴̤͚̒˪
̎ʤɅ!¯˽˒ôłǉǢ˺˛ˢ̗͖̭͚͔͖̎̀̚êƼ˺̉ɔ˪̎ˤ˷˝Ƨ̌̏ʉʍ˒Ǜ
Ĕȸ×˝¥˞˘˷~˦̏˵˘̎ʉʎ˓ʤɅ!¯ɊK̉ʛɅ!¯˷yŏ˒â̌̏˯̙̗̩͒ʦʢʕ
̒ʦʨʃʤʗʦ˺˵Ð˨˒̦͖̞͚ť˺˵ɊK̒ȁȑ˨˯˓ʦʨʃʤʗʦn˿ɊKȁȑ
˺˽ʢʤʡʇʚn˿ʢʤʡʇʦ̗͇͚̫̰̳͂͐ʉʏ̒(Ƒ˨˯˓ɺ
ɺ ɺâ̌̏˯ʤɅ!¯ɊK̒ʛɅ!¯ɊK˷ǘ˟˗̑ˬ˒ȃʈʂʊʌʊ˼ʤʃʛɊK̲͚̭˷˨
˵̗̪̓ť˺̋̎I¯ĭȃȁĽn˿½ƯɢĞƟǄǎƍ²ƟȁĽ͜˄ˊʾʾʶ˅˃ʺʴɺʵʺ˄ʴ˃ʶ˅ʶɺ
ˁʹˊʽˀʸʶˀʸ˃ʲˁʹʺʴɺʲʿʲʽˊ˄ʺ˄̒͝ǲ˲˯͜ʨʶˉ˅ɺʧʇ͝˓I¯ĭȃȁĽ˶˽̙̗̩͒Ʌ!¯¢Ƙn˿
ŋ&ďqĨ̒Ƒ˘˵ǛĔȸ×̒Ē¶˪̎˷˷̉˺˒IÅĭɓĒ¶˺̋̎ĭɓȩ˞Ǆ
ǎŒ˼Ē¶̒ǲ˲˯ʈʆ˓T˚˵˒Ǆǎƍ²ƟȁĽ˶˽ŋ&ďq͜É̒͝ɢĞƟÜȟ˷
˨˵Č˚˒IÅ˺˛ˢ̎ĲȱCȷƬ=͜ʡˀ˄˅ɺ˃ʶʴʶʿ˅ɺʴˀʾʾˀʿɺʲʿʴʶ˄˅ˀ˃ʂɺʡʦʗʕ͝˼Üȟ̒Ē
¶˪̎ˤ˷˶˒ɢĞƟÜȟ˼ĭɓƟ¢\͜i˱ĭƶɓƟ˹!ęXõ̒͝Ē¶˨˯ʇʏ˓ȁĽ˺
˽ʖʙʕʧʨɺˇʇʄʎʄʆn˿ʖʙʕʛʠʙɺˇʈʄʇ̒Ƒ˘˒̨̗͖̓̕ʡʗʡʗť̒(Ƒ˨˯ʇʎʂʊʆ˓ǛĔ
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̲͋͒˷˨˵˽˒ʕʝʗʴ̋̍˒̦̗̳˺̋̎ǛĔȸ×˼˾̌˳˞̞͖͇̒IÌ˶ǶŘ˨˯
ʨʲʾˆ˃ʲʃʢʶʺ̲͋͒͜ʨʢʏʉʁʛɺʾˀʵʶʽ̒͝(Ƒ˨˯˓ɺ9ȁĽ˺˛˘˵ƹʇ̴̤͖˷ƹʈ̴̤͖
˼ǛĔȸ×˺¥˞˹Ê˝Ǻ̌̏˹˜˲˯˯̈˒ƹʇ͙ƹʈ̴̤͖˷ƹʉ̴̤͖N˺Ǜ
Ĕ̲͋͒̒Û˵˽̈ȁĽ̒ǲ˲˯˓I¯ĭȃ̲͋͒˷˨˵˽ǄǎŒ˼ŀ͜ʳ˃ʲʿʴʹ͝ś˗̎
˘˽Ǆǎś˺ǛĔȸ×˝¶˷˪̎ʧ˅˃ʺʴ˅ɺʴʽˀʴʼ̲͋͒˒ŀś˼ǛĔȸ×˼˾̌
˳˞̒ȇ¸˨Žƣɔ½ğŘǻIÌ˶ǶŘ˨˯ʦʶʽʲˉʶʵɺʴʽˀʴʼ̲͋͒˼̼̭͚͖͟˶9ȁĽ
̒ǲ˘˒ʡʗʡʗ̦͖͂͒˺˛ˢ̎ʕʝʗ͜ʕʝʗɺʷˀ˃ɺʡʗʡʗɺ˄ʲʾˁʽʶ˄ʂɺʕʝʗʡ̋̍͝ʊʇʂʊʈ˒ɘ˼ȁĽ
˶˽ʧ˅˃ʺʴ˅ɺʴʽˀʴʼ̲͋͒̒ďƑ˨˯˓ʈʶʍ˼ʡʗʡʗȁĽ̒ǲ˘˒˭˼Dʇʆʂʆʆʆ2˼ĭɓ
ȩ˞ǄǎŒ̒ąH˨˯˓ʨ˃ʲʴʶ˃ɺˇʇʄʌ˺˵Ē¶3˼pĹ̒Ʃȍ˨˯à˒ʖʙʕʧʨɺˇʇʄʎʄʆ˺}
̅̏̎ʨ˃ʶʶʕʿʿˀ˅ʲ˅ˀ˃̢͔͉͂͐̒Ƒ˘˵˒Lĵʇʆɻ̒ɛˠàǄǎŒǜ͜ˁˀ˄˅ʶ˃ʺˀ˃ɺ˄ʶ˅ɺˀʷɺ
˅˃ʶʶ˄͝˼	˜̌Ĳ¥Ǆǎ1ɭ×͜wǄǎ˼àƩƊ˼ƴ̒͝Ĵ˪̎ǄǎŒ͜ʡʲˉʺʾˆʾɺʴʽʲʵʶɺ
ʴ˃ʶʵʺʳʺʽʺ˅ˊɺ˅˃ʶʶʂɺʡʗʗǄǎŒ̒͝â̎˷˷̉˺˒w̴̹͚˼àƩƊ˒ǛĔȸ×͙w
ʡʦʗʕ˼IÅĭɓ͜˅ʺʾʶɺ˅ˀɺ˅ʹʶɺʾˀ˄˅ɺ˃ʶʴʶʿ˅ɺʴˀʾʾˀʿɺʲʿʴʶ˄˅ˀ˃ʂɺ˅ʡʦʗʕ͝n˿ɢĞƟÜȟ˼
àIÌ̒â˯˓˭˼à˒ʚʺʸʨ˃ʶʶ̢͔͉͂͐͜ʹ˅˅ˁʐʅʅ˅˃ʶʶʄʳʺˀʄʶʵʄʲʴʄˆʼʅ˄ˀʷ˅ˈʲ˃ʶɺʅʷʺʸ˅˃ʶʶʅ͝
̒Ƒ˘˵ʡʗʗǄǎŒ˼'̒ǲ˲˯˓̨̗͖̓̕ƩƊƟĐǇ¢ğɄĂť͜ʖʲˊʶ˄ʺʲʿɺ
˄˅ˀʴʹʲ˄˅ʺʴɺ˄ʶʲ˃ʴʹɺˇʲ˃ʺʲʳʽʶɺ˄ʶʽʶʴ˅ʺˀʿɺˁ˃ˀʴʶʵˆ˃ʶ̒͝Ƒ˘˯̗̪̓Ŝŋ¶͜ʖʲˊʶ˄ɺʚʲʴ˅ˀ˃ɺ˅ʶ˄˅͝
˺̋̍˒ɢĞƟÜȟ¢\͜ĭƶɓƟ!ę̼̭͚͖͝˼Ĵóí̒Ȋ,͜ɢĞƟÜȟ¢\˼
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PƩƊ˝͕̬͖͆IÌ˺á˙˷¶˨˒Ȼ\ǄǎŒ˶Ē¶˦̏˯Üȟ¢\àƩƊ˷˼
Ŝȫ˺̋˲˵Ĵó˹Üȟ¢\̒ŋH͝˨˯ʇʏ˓̗̪̓Ŝŋ¶˶˽ʧʤʦʙʕʘ̢͔͉͂͐̒Ƒ˘
˵̡̗̪̭͚̓̀̔͜ʖʲˊʶ˄ɺʚʲʴ˅ˀ˃ʂɺʖʚ̒͝ƾH˨ʊʉ˒ʖʚɺʓɺʉ˼!ę̒Ĵó˷˨˯˓̅˯˒àǄ
ǎŒǜ˼wŀ˺ţ˲˯Üȟ¢\˼ğ̨͇̤͖͒̀͌͂͜ğʂɺʡʲ˃ʼˀˇɺʻˆʾˁɺʴˀˆʿ˅̒͝ƾ
H˪̎ˤ˷˶˒ĭɓȩ˺ţ˲˯ɓ͜Éɓ͝!ęğ˼àIÌ̒Ş̈˯ʊʊʂʊʋ˓ʦ̒Ƒ˘˯
̸̝͚͒»×Ē¶˺̋̍ĭɓś˼˼̨͇̤͖͒̀͌͂»×͜ǄǎŒ˼wŀ˶Ə˩˯Üȟ
¢\˼̢̭̗͈͖̒͝Ē¶˨˒ĭɓȩ˺ţ˲˯ɓ!ęXõĒ¶̒ǲ˲˯˓ɺ
ɺ ɺ ̅˯˒ȽlʇʆÒɓ˺˛ˢ̭̩̎́͐ÇD˶˼XƂƆƄƛƝƏƅŤ̒ÿĕ˪̎˯̈˒̖̀͑
͖̿ȯYƤ͜ʘʶˁʲ˃˅ʾʶʿ˅ɺˀʷɺʕʸ˃ʺʴˆʽ˅ˆ˃ʶʂɺʘʕ͔͖͔͖̋̍́͝Ḙ̩́́͐Ç˺˛ˢ̎XƂƆƄ
ƛ̦͚̗͖̩̲͚̭̓͐̒qâ˨˯˓ɺ
ɺ
ʋʄʋɺÇɓ!ę˼ğƍ̲͋͒ȁĽɺ
ɺ ɺƆƄƛɥŨǲ͜Ḉ͝˼̙̗̩͒-@˜̌ƆƄƛŨǲŋH̅˶˺ǹ˪̎ĭɓ̒Ȋ,
˪̎ˤ˷̒ơƟ˷˨˒̷̗ɡ̒w̤͖̼͚̳͖̳͊˺Iɰ˨˯Š¶ȔƟ̤͖̼͚̳͖̳̲͊͋
͒͜ʘʶ˅ʶ˃ʾʺʿʺ˄˅ʺʴɺʴˀʾˁʲ˃˅ʾʶʿ˅ʲʽɺʾˀʵʶʽ̒͝Ƒ˘˯ƆƄƛôł˼ɡXõȁĽʈʎ̒ǲ˲˯˓
ʧʙʝ͜ôríǜʃįɤǜʃôłǜʂɺʧˆ˄ʴʶˁ˅ʺʳʽʶɺˍɺʙˉˁˀ˄ʶʵɺˍɺʝʿʷʶʴ˅ʺˀˆ˄̲͋͒͝˺̡͕̯͖đƳ
ǜ͜ʪʲʴʴʺʿʲ˅ʶʵʂɺʪ̒͝T˚˯ʧʙʝʪ̲͋͒˺̋̍˒˼ÏåIĥƲÙ˺á˲˵ôłXõ˼
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̧̧͈͎͓͚͏͖̒ǲ˲˯ʊʌʂʊʍ˓ğ3ȃƾ˺˽ʦ˼(%.̨̼̰̣͚̒Ƒ˘˯͜ʨʶˉ˅ɺʧʈ͝˓ɺ
! =  ! +  ! +  ! +  !ɺ ɺ ɺ ɺ ɺ ɺ ɾʇɿɺ
!" !"  =  − !"# +  ! ! +  ! +  ! − ! +  !" ! − !" +  !"  ɾʈɿ
!" !" =  !"# −  !" −  (! +  !")!ɺ ɺ ɺ ɺ ɺ ɾʉɿɺ
!" !" =  !" −  !" −  (! +  !")!ɺ ɺ ɺ ɺ ɺ ɺ ɾʊɿɺ
!" !" =  !" −  !" −  ! +  !" !ɺ ɺɺ ɺ ɺ ɺ ɾʋɿɺ
ɺ
ɺ ɺƜ)~Ɗ͜˃ʶˁˀ˃˅ʺʿʸɺ ˃ʲ˅ʶʂɺ *̒͝¶˨˒ǈƴƜ)~ğ͜ʗˆʾˆʽʲ˅ʺˇʶɺ ʿˆʾʳʶ˃ɺ ˀʷɺ
˃ʶˁˀ˃˅ʶʵɺʴʲ˄ʶ˄ʂɺʗ̒͝˼̋˙˺ȃƾ˨˯˓ɺ
!" !"  =  !"#       ɾʌɿɺ
ɺ ɺ ̲͋͒˺(Ƒ˨˯w̼͚̭͐͊̒ǵʉ˺ƪ˨˯˓̖͖̀͑̿˺˛ˢ̎Ȍǉ˹̷̗˼Əõ²Ɵ
̲͚̭˽~˦̏˵˛̌˫˒̷̗˼HƏƊ͜͝ʂɺǩŚƊ͜͝˒ƆƄƛŸĵɓ͜ʇʅ2͝˒
ôłĵɓ͜ʇʅ0͝ƻ˼̼͚̭͐͊˽̝̀͑̕˺˛ˢ̎ɲ˘Ƅɡ̋̍â̌̏˯̲͚̭̒Ƒ˘˯
ʊʌʂʊʍ˓ò¶˪̎ɡ˷˨˵˽˒ƆƄƛƜ)˝~˦̏˯̭̩́͐Ç̜̲̖̜͖̞͖Ɣ
͜ʣʵʺˀʿʸʲʿ͝n˿̡͔͚Ɣ͜ʠˀˀʴ͝˼̷̗Ǔɡ˷˨˒ʦʶʸʺˀʿɺʝʪʃʖ˼ʘʕ̋̍ē*˦̏˯ʈʆʇʈÒ
˼̷̗ɡǓğn˿̡͕̯͖đƳƊ̜̲̖̜͖̞͖͜n˿̡͔͚˺˛ˢ̡͕̯͖̎đƳɫğ
˽˭̏ˮ̏ʇʂʈʏʍ˒ʋʉɫ˒̷̗ɫğ˽˭̏ˮ̏ʋʂʋʌʈ˒ʇʂʍʏʋɫ˷~˦̏˵˛̍˒ķƨƵ˶˽
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̜̲̖̜͖̞͖n˿̡͔͚˺˛ˢ̷̗̎ɫğ˼Ǔ̒ò¶ɡ˷˨˯̒͝(Ƒ˨˯˓̡͕̯͖
˺̋̎?ƚĈǐĵɓ͜ʇʅ1͝˽ʈÒɓ˷˨˒̡͕̯͖đƳǜ˽ĭɓǌȽ˺"˙?ƚ%˺̋̍
E˿ôríǜ˺ú̎˷¶˨˯ʊʎ˓ɺ
ɺ ɺƆƄƛɥ°ĭ˺˽̷̗ɡ»×˝¶˶˗̍˒Ò˺×̡͕̯͖đƳ̒ǲ˹˙͜ʇ͘ĳ
ɓ˼̡͕̯͖đƳĵɓ̒Ȇ¶͝˷¶˨ʊʍ˒ôríǜn˿̡͕̯͖đƳǜ	˺£Ɉ˜̌)
˼ƆƄƛƜ)˝-@˨˯x˼XõȁĽ̒ǲ˲˯˓ĲL˼Ɯ)-@̒ɛ˞˒̷̗ɡ˼£
Ɉ˜̌˼Ũ@n˿ŨH˽˹˘̉˼˷˨˯˓ˤ̏̌˼¶˼̉˷˒»×+°ŚƊ͜&̒͝HƏ
Ɗ͜͙͝ǩŚƊ͜͙͝Ǝp¸R͜̒͝Ƒ˘˵˼̋˙˺ȃƾ˨˯ʊʍ˓ɺ
! =  (! −  !)/!       ɾʍɿɺ
ɺ ɺôłR˼¥˞˦̒ƪ˪ʦʆ͜ôríǜ˺˛ˢ̎˒ʇôł2&˜̌ôł˨˯ÑŖôł2
&ğ͝˽˼̋˙˺ȃƾ˨˯ʊʍ˓ɺ
R =  !"#/(! +  !)(! +  !)ɺ ɺ ɺ ɺ ɺ ɾʎɿɺ
ɺ ɺķ̲͋͒˶˽ʦʆɺʒɺʇˍʈɺʋʂʊʏn˿Ɯ)~Ɗ͜*͝ʒɺʇˍʉʆɻɺʋʆ˼ǀD˶ȁĽ̒ǲ˘˒wʦʆ͙
~Ɗĺ˼˒ƆƄƛƜ)-@àʋÒɓ˼Ɯ)~ğn˿-@˜̌Ɯ)ŋH͜ʗɺ ˑɺ ʇ̅͝
˶˺ǹ˨˯ĵɓ˺˳˘˵ȃƾ̒ǲ˲˯˓ɺ
ɺ
ʋʄʌɺÇD!ę˼ĮǿɅ!²ƟȁĽɺ
 19 
ɺ ɺƆƄƛ̙̗̩͒˼̬͖͒ÇD˺˛ˢ̎ƍƟ!ęXõ˼ȁĪn˿!ęɔȺ¯˼ĐǇ
̒ơƟ˷˨˒Əõ²Iɍ˶˼ƝÃ˝Ǭ˨˘ĮǿɅ!²ʈʏ˺̋̎ȁĽ̒ǲ˲˯˓XŊƂ˼Ʌ
!¯ŨX̒˒Ü˼ȟí͜ʶʄʸʄɺ Őɶ̊šÈ˼ĴŽ̒͝ȐĪ¯˷˨˵̲͋͒\˨˒˭
˼Ȍǉ˹ưX̼̭͚͖̒Ē¶͙¶Ɏ\˪̎üť˶˗̎˝˒yüť̙̗̩̒͒˼ƍƟ!ę
˺êƑ˨˒ƆƄƛ̙̗̩͒˼Ʌ!¯ŨX̼̭͚͖̒Ĳ̉̋ˠȐĪ˪̎¯˷˭˼ăāí̤͜
̩̳˒ʺʄʶʄɺưX˨˺ˠ˦͝˺˳˘˵Ī̌˜˺˪̎ˤ˷˷˨˯˓ɺ
ɺ ɺƆƄƛ˼ƍƟ!ę˽˒Ü̶͙̳̤͈͎̱̖͙̽ƆƄƛ½ƽ˼ĴŽ˺Ýɧ̒rˢ̎˷Ǟ˚
̌̏̎˓Őɶ[Ɋ̊šÈ͙ų͙ŝŵ˒ŉľÍ˹˸˽XƂ͜ƃ˺ɍǪƄ͝˼ǦſǲX˺Ýɧ
̒˚˒˭˼ǍĿ˒̙̗̩͒˼!ęXõ˺Ýɧ̒˚̎̉˼˷Ǟ˚̌̏̎˓̅˯˒̖͖̀͑̿˶
˽¤ˠ˼̷̗˝̶̳̤͈͎̱̖̽ȱȰ˺Əï˨˵˘̎˯̈˒̳̽˼Əŧ^˝̷̗˼ǲX̒O
ə˨ƆƄƛôłɏ̒Iģ˨˵˘̎uǣí̊˒Ⱦȧǒ˝ɓ˼ôłɏ̒ǘˣ˵˘̎uǣ
í˝Ǟ˚̌̏̎˓wʠʛʩ˺+°˨˯ƆƄƛ½ƽ˺˛˘˵˒w˶˼̡͕̯͖đƳƊ͙ĝ
ǠŧX˹˸˼Ê˝ƆƄƛ˼˹!ę̼̭͚͖˺Ýɧ̒˚˵˘̎uǣí̉ò˦̏̎˓
ˤ̏̌˼Ȑ˼̉˷˒Ü̶͙̳̤͈͎̱̖͙̽ƆƄƛ½ƽŧX˺ɔ˪̎̲͚̭̫̰̳̒p
ɡ˨˯͜ǵʊ͝˓A˵˼̲͚̭̒ǅʏʆʆʾɺ ˉɺ ʏʆʆʾ͜ƕŲǄʇʏʎʊ͢ʫʛʧʎʊͣ˺˛ˢ̎
ʆʄʆʆʎʉʉ×͝˼̫͒˜̌˹̎Ň¯ƅ̴̢̰̲͚̭̩̭͚̲͚̭͑͐͜͝˺¢Ĕ˨˒ȁ;×˼ȓĠ
̒ǲ˲˯˓Őɶ[Ɋ˽ʤʹʺʽʛʝʧ̙̦̗̳́̚͜ʹ˅˅ˁʐʅʅˁʹʺʽʸʺ˄ʄˀ˃ʸʅ̋̍͝â˯ʧʹˆ˅˅ʽʶɺ ʦʲʵʲ˃ɺ
 20 
ʨˀˁˀʸ˃ʲˁʹˊɺʡʺ˄˄ʺˀʿɺɾʧʦʨʡɿɺğ3Őɶ̲͋͒͜ʘʙʡʂɺʘʺʸʺ˅ʲʽɺʙʽʶˇʲ˅ʺˀʿɺʡˀʵʶʽ͝˼Őɶ
̒Ƒ˘˵'÷˨˯˓˗̫̎͒˺˛ˢ̎Őɶ[Ɋ˽˒ɠđ˪̎ʇʌĥ{˼̫͒˷˼ŐɶÊ̫̒
͒ɓ˼ȥɢ˶Q̍˒â̌̏˯ʇʌ˼[Ɋ3˼Ñ3̒Ƒ˘˯˓šÈ͙ų͙ŝŵ˷˘˲˯ŝ̲
͚̭˽ʢʲ˅ʺˀʿʲʽɺʡʲˁˁʺʿʸɺʲʿʵɺʦʶ˄ˀˆ˃ʴʶɺʝʿʷˀ˃ʾʲ˅ʺˀʿɺʕˆ˅ʹˀ˃ʺ˅ˊɺɾʢʕʡʦʝʕɿ̋̍â˯(Ƒ
˜̌ąH˨˒ʆ̉˨ˠ˽ʇ˼ɢĞ¢ğ˷˨˯͜šÈƻ˝}̫̅̏̎͒˶˽ʇ˒}̅̏˹˘x
˽ʆ͝˓ŊƂ˼IÌƅŤ̊Ɏ̒ƪ˪ŊƏĉğ͜ʢˀ˃ʾʲʽʺˋʶʵɺ ʘʺʷʷʶ˃ʶʿʴʶɺ ʪʶʸʶ˅ʲ˅ʺˀʿɺ ʝʿʵʶˉʂɺ
ʢʘʪʝ ͝˽˒ʠʲʿʵɺ ʤ˃ˀʴʶ˄˄ʶ˄ɺ ʘʺ˄˅˃ʺʳˆ˅ʶʵɺ ʕʴ˅ʺˇʶɺ ʕ˃ʴʹʺˇʶɺ ʗʶʿ˅ʶ˃ ͜ʠʤɺ ʘʕʕʗ̋̍͝â˯
ʡʣʘʇʉʥʇ̲͚̭̒(Ƒ˨˯˓ʡʣʘʝʧɺ ʦʶˁ˃ˀʻʶʴ˅ʺˀʿɺ ʨˀˀʽ͜ʹ˅˅ˁ˄ʐʅʅʽˁʵʲʲʴʄˆ˄ʸ˄ʄʸˀˇʅ˅ˀˀʽ˄ɺ
ʅʾˀʵʺ˄ʱ˃ʶˁ˃ˀʻʶʴ˅ʺˀʿʱ˅ˀˀʽ͝˺̋̍˒ʈʆʆʊÒ˜̌ʈʆʇʉÒ˺â̌̏˯ʢʘʪʝ̲͚̭̒ąH˨˒˭˼
Ñ3̒Ƒ˘˯˓ʢʘʪʝ˽ʃʇ˜̌ʇ̅˶˼3̒˷̎˝˒ʆĶŴ˼˽ŊƂ˝°˨˹˘ŝ̊
Ƿ˶˗̎˷Ǟ˚̌̏̎˯̈˒ʆĶŴ˼˽A˵ʆ˷˨˵ŊƏIÌ̒ƪ˨˯˓ʈʆʇʆÒ˺˛ˢ
̎s»×̩̭͚̲͚̭͐˽ʤʹʺʽʛʝʧ̙̦̗̳́̋̍̚â˯˓ʣˁʶʿʧ˅˃ʶʶ˅ʡʲˁ˺̋˲˵'÷˦̏
˯ʈʆʇʈÒĭŻ˼Ⱦȧǒ̲͚̭̉yŏ˺ʤʹʺʽʛʝʧ̋̍@ü˨˒ ɺ ʕ˃ʴʛʝʧɺ ʇʆʄʈʄʈn˿
ʧˁʲ˅ʺʲʽʕʿʲʽˊ˄˅͜ʙʧʦʝɺʝʿʴʂɺʦʶʵʽʲʿʵ˄ʂɺʗʕʂɺʩʧʕ̒͝Ƒ˘˵Ⱦȧ»×͜Ⱦȧ˼ɑ˦ʅ̫͒̒͝ƾH
˨˯˓ƆƄƛ½ƽŧX˼Ǫ˘ĉŐ˷˨˵˒̷̗˺˛ˢ̡͕̯͖̎đƳƊ˝Ċˣ̌̏̎˓˨˜˨˒
̬͖͒ÇD˼Aʠʛʩ˺˛ˢ̡͕̯͖̎đƳğ̡͕̯͖̊đƳƊ˒̡͕̯͖Ƞ@ğ˼̲͚̭̒
â̎ˤ˷˝˶˞˹˜˲˯˯̈˒ıň˷˨˵ʠʛʩ͜É͓̓͒͝˺˛ˢ̎sÛ˯̍˼ǓĚHɯ
 21 
̒Ƒ˘̎ˤ˷˷˨˯˓ƾƿƍƤ͜ʘʶˁʲ˃˅ʾʶʿ˅ɺ ˀʷɺ ʖˆʵʸʶ˅ɺ ʲʿʵɺ ʡʲʿʲʸʶʾʶʿ˅ʂɺ ʘʖʡ̋̍͝â˯
ʈʆʆʊÒˍʈʆʇʉÒ˼ĚHɯÑ3̒Ƒ˘˯˓̅˯˒ɺ ð͙ĝǠ̶̧͙̤͈͎̣͚͏͖
͜ʝʿʷˀ˃ʾʲ˅ʺˀʿʂɺʶʵˆʴʲ˅ʺˀʿʂɺʲʿʵɺʴˀʾʾˆʿʺʴʲ˅ʺˀʿʂɺ ʝʙʗ̉͝ƆƄƛ½ƽ˼˳˷˨˵Ƨ̌̏˵˛̍˒
ĝǠŧX˼ĉŐ˷˨˵˒wʠʛʩɺ ͜Ɣ͓̓͒͝˺˛ˢ̎sÛ˯̍˼¿²ńğ̒Ƒ˘˯˓ĝ
ǠƤ͜ʘʶˁʲ˃˅ʾʶʿ˅ɺ ˀʷɺ ʙʵˆʴʲ˅ʺˀʿʂɺ ʘʶˁʙʵ̋̍͝â˯ʈʆʇʉÒĭŻ˼¿²ńğ̒Ƒ˘˯˓A˵˼
ƍ̲͚̭˽˒ʦn˿*+,*̨̼̰̣͚̒Ƒ˘˵PȲȷ̍ʏʆʆʾɺˉɺʏʆʆʾ˺ȓĠ˨˒̬͖͒Ç˼
̆ąH˨˯à˒ŐŶ\̒ǲ˲˯͜Ĳ¿3ʆʂɺ Ĳ¥3ʇ˺ȓĠ͝˓s»×̲͚̭˺˳˘˵˼
̆˒Ō̈˵s»×˝ɶ˘̶͇͐͜ɳɉ̒}̇ʢʲ˅ʺˀʿʲʽɺ ʗʲˁʺ˅ʲʽɺ ʦʶʸʺˀʿ˹˸͝˼Ýɧ
̒ɛˠ˯̈˒$ʋɻ̝̰̳̜̒̀˷˨˒˭̏̒ŐŶ\àĲ¥3ɺ ʒɺʇ˷˹̎̋˙Ȇ¶˨˯˓ɺ
ɺ ɺȅ˼ƍƟ¢ğ˝ƆƄƛ!ę˺½˨˵̤̩̳͜ɟ ¯͝˶˗̎˜˒̡̤͖̮̭͖̩͜/
Ȼ¯͝˶˗̎˜˼ȁĪ̒ơƟ˷˨˒˭̏̌Ų¯˼°˶˽̙̗̩͒˝!ę˨˺ˠ˘
˷¶˪̤̩̳̲̎͋͒˒!ę˨̊˪˘˷¶˪̡̤͖̮̭͖̩̲̎͋͒˒n˿!ę˨̊˪˦
˝¶˶˗̎˷˪̎ÎŽ̲͋͒̒¶ǝ˨˯˓ƍƟ¢ğ˷̤̩̳3˗̎˘˽̡̤͖̮̭͖̩3
˺ǕÜɔ.̒¶˨˒˼Ù˶ƪ˨˯ʋʇ˓ɺ
!"#$ = 1+ α!ɺ ɺ ɺ ɺ ɺ ɺ ɺ ɺ ɾʏɿɺ
!"#$%&'(#&) = 1 !"#$ = 1 (1+ α!)ɺ ɺ ɺ ɺ ɺ ɾʇʆɿɺ
ɺ ɺ ̡̤̩̳͙̤͖̮̭͖̩̲͋͒˽̙̗̩͒˝˕¥˞˹̤̩̳̒Ɇˢ˵˖˗̎˘˽˕¥˞˹̡̤͖̮
 22 
̭͖̩̒ª̓˶˖!ę˪̎˷¶˨˯̲͋͒˶˗̍˒˭˼!ę̼̭͚͖̒Ĳ¿ǈƴ̤̩̳ȥɢ
˷˨˵ƪ˨˯˓˭̏ˮ̏˼¢ğn˿̲͋͒͜Ùɺ ɾʏɿ͙ɾʇʆɿ͝˺˘˵̡̤̩̳͙̤͖̮̭͖̩Ñɦ
̒'÷˨˒̤̩̳Ñɦ˼ŋ&ɓĲ¿ǈƴ̤̩̳ȥɢ˼ȃƾ̒ʦn˿ "+,'̨̼̰̣͚̒
Ƒ˘˵ǲ˲˯˓̤̩̳ȥɢ˽˒̤̩̳n˿̡̤͖̮̭͖̩̒Ǟö˨˯ŋ&ɓ˼ƶɓƟȱđí̒
ƪ˨˵˛̍˒ƆƄƛ̙̗̩͒ŋ&ɓ˼ôł˼ȱ˦˷Ŝȫ˪̎ˤ˷˶˒̙̗̩͒ôłɏ˼
ƍƟ!ę˺½˪̎ɟ ͙/ȻWĿ˼Ȋ,̒ǲ˲˯˓Ùɾʏɿ˒ɾʇʆɿ	˼̤̩̳.ğˌ˽¯
˺½˪̤̩̳̎n˿̡̤͖̮̭͖̩˼Ɍ̆̒ƪ˨˵˛̍˒ˌ˝¥˞˘̃˸̡̤̩̳͙̤͖̮̭͖̩
Ñɦ˼ƶɓƟȱđí˺½˪̎Ýɧ̉¥˞ˠ˹̎˓ÎŽ̲͋͒˽̤̩̳.ğˌɺ ʒɺ ʆ˶ƪ˦
̏˒˭˼x˒̡̤̩̳͙̤͖̮̭͖̩˽ȟ˹Ñɦ˶˗̍˒̤̩̳ȥɢ˽Ü˺ţ˲˯
ƍƟƢǕȥɢ˷ȱ#˪̤̩̳̎͜ȥɢ˼ȃƾ˺˛˘˵˒̩̭͚̲͚̭͐˼̫͒ɓưX˝
ʇʌĥ{˺Oə˦̏˵˛̍˒Ū˽ưX˨˹˘˷˨˵˘̎͝˓˭̏ˮ̏˼¯˺˳˘˵˒Ƙ
˹̡̲̤̩̳͙̤͖̮̭͖̩̎͋͒͜͝˛̋˿̤̩̳.ğˌ͜ʆˍʋʆʆ͝ĺ˶˼̤̩̳ȥɢ̒ƾH
˨˒˺ƪ˪͇͖̱̱̩̳͒ʋʇn˿ʕ˄˄ˀʴʺʲ˅ʺˀʿɺ ʝʿʵʶˉ͜ʕʝ̱̩̳͝ʋʈ̒Ƒ˘˵w¯˼ɟ ͙
/ȻWĿ̒Ȋ,˨˯͜ʈ͝˓ɺ
ɺ ɺôł˼ȱ˦˼ĉŐ˷˨˵̙̗̩͒ɓ˼Ʌ!Ɵȥɢ̒Ƒ˘˒ŋ&ɓ˼̤̩̳ȥɢǲK
n˿̙̗̩͒ɓ˼Ʌ!ƟȥɢǲK˼ƣɔí͇͖̱̱̩̳̒͒˺̋̍Ȋ,˨˯͜ʈʂɺʨʶˉ˅ɺʧʉ͝˓
PȲ˼ȷ̍˒w¯˺˳˘˵̤̩̳̲͋͒n˿̡̤͖̮̭͖̩̲͋͒̒Û˵˽̈˒̬͖͒Ç
 23 
D˺˵â̌̏˯wŋ&͜ʿɺ ʒɺ ʈʎʏ͝ɓ˼Ĳ¿ǈƴ̤̩̳ȥɢǲK̒ȃƾ˨˯˓w̙̗̩͒ɓ˼
Ʌ!ƟȥɢǲK˽ʦ˼)̨̼̰̣͚̒Ƒ˘˵ȃƾ˨˒͖͂͑ɓ͜ʕˍʛɓ͝ɺ ̨͈͖̊̿͑ɓ
͜ʗˍʨɓ͝˼ǛĘ̧̳͖̆͐͜͏͖͝˷˒˭̏£˼ǛĔ˶˗̨̳͖̩̻͚̎͐͏͖˷˶Ƙ˹̎Ǜ
ĔƩƊ̒¶˨˯ʟʺʾˆ˃ʲʃʈ̼͚̭̲͐͊͋͒̒Ƒ˘˵ȃƾ˨˯˓â̌̏˯̤̩̳ȥɢǲK͙
Ʌ!ƟȥɢǲKɓ˼ƣɔɔ.̒˒ʦ˼("+,̨̼̰̣͚˺͇͖̱̱̩̳̋̎͒̒Ƒ˘˵ȁĽ
˨˯˓˗̎¯˼̤̩̳̉˨ˠ˽̡̤͖̮̭͖̩̲͋͒˺˛˘˵˒ÎŽ̲͋͒͜Ü˺ţ˲˯
ƍƟƢǕȥɢʂɺ ̤̩̳.ğˌɺ ʒɺ ʆ̋̍̉͝ɶ˘ƣɔ˝Ǻ̌̏˯x˒̙̗̩͒ɓ˼ôł
˼ȱ˦˝ɟ ͙/Ȼ¯̒Ǟö˨˯̤̩̳ȥɢ˶̋̍̋ˠȐĪ˦̏̎ˤ˷̒ƪ˨˒¯˝̙̗͒
̩˼ƍƟ!ę˺˷˲˵ɟ ˗̎˘˽/Ȼ¯˶˗̎ˤ˷̒ƪ˪˓˭˼˯̈˒͇͖̱̱̩̳͒
˺̋̎ȁĽ˶˽˒ƣɔí˝̋̍ɶˠ˹̎̋˙˹¯͙̲͋͒˼ĐǇ̒ǲ˹˙˓ʏʋɻ1ɭ^ɓ˽
ʇʂʆʆʆ˼oä˺͚̳̩̳̰̋̎́͐͂ť̒Ƒ˘˵ƾH˨˯˓ɺ
ɺ ɺ ̡̤̩̳͙̤͖̮̭͖̩Ñɦ˼ȱđí˺˴ˠƶɓ̡̩̭͚͐̒¶ǝ˨˒˭˼ƶɓ̡̩̭͐
͚˼̙̗̩͒Ʌ!¯Ǆǎ̡̢̩̭͖͐͑˺½˪̎º×̒˒ʕʝ̱̩̳̒Ƒ˘˵Ȋ,˨˯͜ʈʂɺ
ʨʶˉ˅ɺʧʊ͝˓PȲ˼̋˙˺w¯n˿̲͋͒˺˳˘˵ŋ&͜ʿɺʒɺʈʎʏ͝ɓ̤̩̳ȥɢǲK̒ȃƾ
˨˒â̌̏˯̤̩̳ȥɢǲK˺½˨˵¤Ŗ<Á×Ŏ÷ť͜ʡˆʽ˅ʺʵʺʾʶʿ˄ʺˀʿʲʽɺ ˄ʴʲʽʺʿʸʂɺ ʡʘʧ̒͝
·Ħ˪̎ˤ˷˶˒̡̤̩̳͙̤͖̮̭͖̩Ñɦ˺˛ˢ̎ŋ&ɓ˼ȱđɔ.̒ʈŖ<ƶɓ˺E
ĀÝ˨˯˓͟Ŗ<ƶɓ˺EĀÝ˦̏˯ŋ&ǜ˺½˨˒ʼʃʾʶʲʿ˄ť˺̡̢̩̭͖̋̎͐͑̒ǲ
 24 
˘˒˭˼ƶɓƟȱđí˺˴˘˯̤̩̳ȥɢƶɓ̡̩̭͚͐̒¶ǝ˨˯˓pĹ˨˯̡̩̭͐͑
̢͖ǍĿ̒â̎̂ˠ˒Ĳ¥ʇʆʆ˼oäȁĽ̒ǲ˘˒͖̮͉͐˹Lĵ3Ȇ¶˺̋̎ʇʂʆʆʆ˼
EȁĽǍĿ˺˴˞̡̩̭͚͐̒¶ǝ˨˯˓â̌̏˯ƶɓ̡̩̭͚͐˼̙̗̩͒Ʌ!¯Ǆǎ
̡̩̭͚͐˺½˪̎º×̒˺ƪ˦̏̎ʕʝ̒Ƒ˘˵Ȋ,˨˯ʋʈ˓ɺ
!" = !!!!!!!!!!!!! ɺ ɺ ɺ ɺ ɺ ɺ ɺ ɾʇʇɿɺ
ɺ ɺ ʕʝ˽˒Ʌ!¯ǄǎŒ˼=Ƹ͜ʺʄʶʄɺ wŋ&͝˝Ĵ˪̎ɢĞƟÜȟ˷Ʌ!¯Ǆǎ̡̩̭͖͐͑
̢˼ɔȺí̒ƪ˪ĉŐ˶˗̍˒ķƨƵ˶˽ȅ˼̋˙˺¶ǝ˨˯̤̩̳ȥɢƶɓ̡̩̭͚͐
Iɰ̒ɢĞƟÜȟ˷˨˵ȁĽ˨˯˓Ùɾʇʇɿ˺˛˘˵˒$˽ǄǎŒ˺˛ˢ̎DɈ̴̹͚˼ğ˒"
˽̴̹͚"˺$Ǜ˪̎ŋ&ǜ˝Ĵ˪̎ĲɬHÜȟ˼HƋɬ×˒&"˽̴̹͚"˺$Ǜ
˪̎ŋ&ğ̒ƪ˨˵˛̍˒%˘ʕʝ3˽ɢĞƟÜȟ˷Ʌ!¯Ǆǎ̡̢̩̭͖͐͑˼Ú˘ɔȺí
̒ǵ˪˓ʕʝ˼ȃƾ˺˽ʖʲʨʧ̬̳̙̀̚̕ʋʈ̒(Ƒ͜ʦ˶·Ħʂɺ ʨʶˉ˅ɺ ʧʊ͝˨˒ʋʄʉ˺˵'÷˨˯
̬͖͒ÇD˼̙̗̩͒àǄǎŒǜ͜Lĵʇʆɻ̒ɛˠ˒ʿɺʒɺʈʎʏ͝n˿w¯͙̲͋͒˺˛ˢ̎
̤̩̳ȥɢƶɓ̡̩̭͚͐ǜ̒Ƒ˘˵ȁĽ̒ǲ˲˯˓̅˯˒ǿ¼˦̏˯ɢĞƟÜȟ͖̮͉̒͐
˺@̏ı˚˒½ê˪̎ʕʝ˼ĵß3̒ƾH˨˒ʇʆʆ˼oäȃƾ˺̋̎ʕʝĵß3˼Ñ3̒
â˯˓˭˼à˒àǄǎŒǜ̒Ƒ˘˵ǿŲ˦̏˯ʕʝàIÌ͜Ñ3n˿ʏʋɻĲɶà»
×^ɓɺ ʯʏʋɻɺʹʺʸʹʶ˄˅ɺˁˀ˄˅ʶ˃ʺˀ˃ɺʵʶʿ˄ʺ˅ˊʂɺʏʋɻʜʤʘʰɺ ̒͝Ñʕʝĵß3˶Q̎ˤ˷˶ȓĠ˨˒ʕʝ
Ŝ͜ǿŲ3ʅĵß3̒͝â˯˓˗̎¯˼̤̩̳̉˨ˠ˽̡̤͖̮̭͖̩̲͋͒˺˛˘˵â̌̏
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˯ʕʝŜ˝ÎŽ̲͋͒̋̍̉%˘x˒̙̗̩͒ôłɏ˼IÌ˝˭˼ɟ ˗̎˘˽/Ȼ¯
˼IÌ˺̋˲˵̋̍̋ˠȐĪ˦̏̎ˤ˷̒ƪ˨˒¯˝̙̗̩͒˼ƍƟ!ę˺˷˲˵ɟ ˗
̎˘˽/Ȼ¯˶˗̎ˤ˷̒ƪ˪˓˭˼˯̈˒ʕʝ̱̩̳˺̋̎ȁĽ˶˽˒ʕʝŜ˝̋̍%ˠ˹̎̋
˙˹¯͙̲͋͒˼ĐǇ̒ǲ˹˲˯˓ŏ˔˹ȁ;×˺˛ˢ̎Ǆǎ̡̢̩̭͖͐͑̒Ȋ,˪̎˯
̈˒̤̩̳ȥɢƶɓ̡̩̭͚͐̒¶ǝ˪̎ɞ˒̡̩̭͚͐ğ͜ʟ̒͝ʋʂɺʇʆʂɺʈʆʂɺn˿ʉʆ˺Iɰ˨˒
ʊ̼̭͚͖˼ȁ;×˶ȁĽ̒ǲ˲˯˓ɺ
ɺ
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ʌʄɺ ǍĿɺ
ʌʄʇɺ̬͖͒ȕÇ˺˛ˢ̎ƆƄƛ̙̗̩͒Ʌ!¯ǄǎȁĽɺ
  ̬͖͒ȕÇ˺˵â̌̏˯ƆƄƛ̙̗̩͒ʛɅ!¯ɊK͜ʿɺ ʒɺ ʉʆʈ̒͝Ƒ˘˵̗̪̓ť˺̋̎
Ʌ!¯ǄǎŒ̒'÷˨˒ŋ&ďq͜Ɣ͓̓͒̒͝˺͔̰̳͂˨˯͜ʉʕ˒ʖ͝˓˭˼Ǎ
Ŀ˒ʧʲʺ˅ˀ̌˼~yŏ˒ɺ̬͖͒ȕÇ˼̃˷̓˸˼̙̗̩͒ŋ&˝̬͖͒IÅǜ˺}̅̏˵
˘˯ʇʇ˓̴̛̜͖̭͙͈͖͔͑͒É͜ʣ˃ʺʶʿ˅ʲʽɺ ʡʺʿʵˀ˃ˀ̴͈͖͔͝Ç͜ʡʺʿʵˀ˃ˀɺ ʝ˄ʽʲʿʵ͝n˿̼͕͖͐
͜ʤʲʽʲˈʲʿ͝É̼͕͖͐Ç͜ʤʲʽʲˈʲʿɺ ʝ˄ʽʲʿʵ͝˺˵â̌̏˯̙̗̩͒ŋ&˽˭̏ˮ̬͖̏͒IÅ
ǜ˷˽Ƙ˹̎Ǆǎ˺Iɰ˦̏˵˛̍˒ʨˀʹʾʲ̌˼~˺˗̎̋˙˺˒	˜̌˼̙̗̩͒-@
̒rˢ˯à˒˭̏ˮ̬͖̏͒IÅǜ˷˽Ƙ˹̎Ȼ\v̒˯˸˲˯̉˼˷Ǟ˚̌̏̎ʇʈ˓ĥ˶˒
ȱÒȣˤ˲˯˷ƙ̑̏̎Çɓ!ę)̒ŋH˪̎ˤ˷˝˶˞˯˓ʉ˺˗̎̋˙˺˒ʦʶʸʺˀʿɺ ʪ˼
̴̸̝̭͖̘̩̕É͜ʗʲ˅ʲʿʵˆʲʿʶ˄̴̸̝̭͖̘̩̕͝Ç͜ʗʲ˅ʲʿʵˆʲʿʶ˄ɺʝ˄ʽʲʿʵ͝n˿ʦʶʸʺˀʿɺʝʪʃʖ
˼͔͖͔͖́Ḙ̩́́͐Ç˷˘˲˯˒̬͖͒Ç˶˽˹˘ʈÇ˺˛˘˵˒̬͖͒IÅǜ˺$Ǜ˪
̙̗̩̎͒ŋ&˝ŋH˦̏˯˓̴̸̝̭͖̘̩̕Ç˺˳˘˵˽˒Ʌ!¯ǄǎŒ̋̍À˹ˠ˷̉ʈ
˼Çɓ!ę˝ƙ̑̏˯˓̴̸̝̭͖̘̩̕Ç˺˵â̌̏˯̙̗̩͒ŋ&˽y˩ʦʶʸʺˀʿɺ ʪ˺
˵â̌̏˯̙̗̩͒ŋ&˷y˩Ʌ!¯Ǆǎ̡̩̭͚͐˺$Ǜ˨˵˛̍˒ƍƟȥɢ̒Ǟö˪
̎˷ʦʶʸʺˀʿɺ ʪD˼Çɓ!ę˽ŜȫƟ¸ī˺ȣˤ̍˚˯˷Ǟ˚̌̏̎˓˨˜˨˒͔͖͔͖́Ḙ́
̩́͐Ç˺˵â̌̏˯̙̗̩͒ŋ&˽̬͖͒Ç	Ɉ˺$Ǜ˪̎ʦʶʸʺˀʿɺʝʝʝ˺˵â̌̏˯̙̗͒
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̩ŋ&˷Ʌ!¯Ǆǎ̡̩̭͚͐̒Ü÷˨˵˛̍˒ɑȥɢ˼żƟ˹!ę˺̋̎̉˼˷Ǟ˚̌
̏˯˓͓̓͒˶˼ƆƄƛO˼˯̈˺˽˒ˤ˼̋˙˹żƟ˹Çɓ!ę˒ƃ˺ƆƄƛɥ
Ũǲ͜Ḉ͝˼̙̗̩͒-@̒ɖˡéǹ˝˗̎˓˭˼˯̈˒̭̩́͐Ç˺˵Ǻ̌̏˯Çɓ
!ęƙ˘)˺žŻ̒Û˵˒Ȍǉ˹Çɓ!ęXõ˺˳˘˵ȁĽ̒ǲ˲˯˓ɺ
ɺ
ʌʄʈɺ ̭̩́͐Ç˺˛ˢ̎XƂƆƄƛ̦͚̗͖̩̲͚̭̓͐ɺ
ɺ ɺʊʕ˒ʖ˺̭̩́͐Ç˺˛ˢ̎ȽlʇʆÒɓ˼XƂƆƄƛ̦͚̗͖̩̓͐ǍĿ̒ƪ˪˓̭́
̩͐Ç˺˛˘˵˒ʈʆʆʊʃʈʆʇʆÒ˼ɓ˽ƆƄƛɜí)˽~˦̏˵˛̌˫˒ʈʆʆʊÒɘ˶˽
ʈʆʇʇÒʋĳ˺ĲL˼ƆƄƛɜí)˝~˦̏˯˓˭˼à˒ʈʆʇʇʃʈʆʇʈÒ˼ɓ˺ʎ)˼ƆƄ
ƛƜ)˝~˦̏˒ʈʆʇʇÒ˺̜̲̖̜͖̞͖n˿̡͔͚˺˵˒ʈʆʇʈÒ˺˽̜̲̖̜͖̞͖˺
˵ŋH˦̏˯͜ʊʕ͝˓ʎ)	˒ʌŋ&͜ʈʆʇʇÒ˺ʉ)˒ʈʆʇʈÒ˺ʉ)̒͝pɡ˨˒̙̗̩͒Ʌ!
¯ɊK̒â̎ˤ˷˝˶˞˯͜ǵʈ͝˓ɺ
ɺ
ʌʄʉɺ̬͖͒Çˍ̭̩́͐Ç˺˛ˢ̎Çɓ!ę)˼I¯ĭȃ͙Ǆǎƍ²ƟȁĽɺ
ɺ ɺâ̌̏˯ʤʃʛɅ!¯ɊK̲͚̭͜ʿɺʒɺʉʏ̒͝Ƒ˘˯I¯ĭȃ͙Ǆǎƍ²ƟȁĽ˺̋̍˒̭
̩́͐Çˍ̬͖͒Çɓ˼ĭƶɓƟ!ęXõ̒ȁĽ˨˯˓IÅĭɓĒ¶˺̋̍˒͔͖͔͖́É
D˼̙̗̩͒ŋ&ǜ͔͖͔͖́͜ǜ͝˷̬͖͒ÇD˼̙̗̩͒ŋ&ǜ̬͖͒͜ǜ͝˼˅ʡʦʗʕ
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͜ʡʦʗʕ˼IÅÒ͝˽ʈʆʆʏÒʇʇĳ͜	¨3ʂɺʏʋɻʜʤʘɺʒɺʈʆʆʍÒʊĳˍʈʆʇʇÒʈĳ͝˷Ē¶˦̏˒
ʡʦʗʕ°ƩƊ͜àƩƊ͝˽ʆʄʏʆʊ˶˗˲˯͜ʋʕ͝˓̅˯˒͔͖͔͖́ǜD˼ʡʦʗʕ°
ƩƊ˽ʇʄʆʆ˒˅ʡʦʗʕ˽ʈʆʇʆÒʇʈĳ͜ʏʋɻʜʤʘɺʒɺʈʆʆʏÒʇʆĳˍʈʆʇʇÒʋĳ͝˶˗̍˒̭̩́͐Ç
˺ʡʦʗʕ˶˗̙̗̩̎͒˝-@˨˯à˒ôłɏ˝ǘ˝˲˵˘˲˯ˤ˷˝ƪ˦̏˯͜ʋʕ͝˓Ǆ
ǎƍ²ƟȁĽ˶˽˒̗̪̓Ŝŋ¶͔͖͔͖̋̍́Ḙ̩́́͐Ç˷̬͖͒Ḉ̝͖͐É˼ɓ
˶˼Çɓ!ę˝ƪ˦̏˯͜ʖʚɺ ʒɺ ʏʄʆ͝˓Żɓ˽˛̋˭ʉʆʆʼʾɢ̏˵˛̍͜ʉʖ͝˒̷̗
˼ǦſǲX˺̋̌˹˘żƟ˹ɑȥɢ!ę˶˗̎ˤ˷˝ƪ˦̏˯˓̸̝͚͒»×Ē¶˺
̋̍Żɓ˺˛ˢ̙̗̩̎͒!ę̒ĭɓȩ˺ţ˲˵Ǻ˵̆̎˷˒͔͖͔͖́Éˍ̝͖́͐É
ɓ˼Çɓ!ę˽ʈʆʇʇÒP͜	¨3ʐɺʈʆʇʆÒʋĳ˒Ĳɬ3ʐɺʈʆʇʆÒʏĳ͝˺Ə˩˯̉˼˷Ǟ˚
̌̏˯͜ʋʖ͝˓ÐÓ˘̸̝͚͒»×IÌ˼˯̈Ē¶3˼Ð̉¥˞˘˝͜ƹI$͡ʈʆʆʏ
Òʏĳ˒ƹI$͡ʈʆʇʆÒʇʇĳ͝˒̙̗̩͒-@˜̌ĲL˼Ɯ)~̅˶˺ʎ͗ĳ͜Ĳɬ3͝
˜̌ʇʈ͗ĳ͜	¨3̃͝˸ǌȽ˨˵˘˯ˤ˷˝ƪ˦̏˯˓ɺ
ɺ
ʌʄʊɺÇɓ!ę˼ğƍ̲͋͒ȁĽɺ
ɺ ɺI¯ĭȃ͙Ǆǎƍ²ƟȁĽ˺˛˘˵Ǻ̌̏˯-@ˍ~̅˶˼ĭɓÊ˺˳˘˵˒ğƍ
̲͋͒̒Ƒ˘˵Ʃȍ̒ǲ˲˯˓ôrín˿̡͕̯͖đƳǜ́˼̙̗̩͒-@à˼ôłXõ
˺˳˘˵̧̧͈͎͓͚͏͖˨˒˭˼ǍĿ̒ʌ˺ƪ˨˯˓̨̕̕n˿̝̀͑̕ȕ˼̷̗ɡ˺
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˛ˢ̎ʦʆ˽ʇʄʆˍʇʄʎ˷Ē¶˦̏˵˘̎ʋʂʊʏ˓˭˼˯̈˒ʦʆɺ ʒɺ ʇˍʈ˼ǀ˺˛ˢ̎ôłXõ̧͈̒
̧͎͓͚͏͖˨˒̻͑Ç˺˛ˢ̎ƆƄƛŋHƊ˝ǅʍɻ˶˗̎˷ĒŲ˦̏˵˘̎ˤ˷˜̌ʊʎ˒Ɯ)
~Ɗ˝ʇˍʉʆ͛˶˗̎˷¶˨˯ɞ˼Ɯ)~ğ͜ʌʕ͝n˿̙̗̩͒-@˜̌ĲL˼Ɯ
)~̅˶˺ǹ˨˯ĵɓ͜ʌʖ͝˼Ē¶̒ǲ˲˯˓ǍĿ˒PȲ˼ʦʆn˿~ƊǀD˶˽˒
̙̗̩͒-@˜̌Ɯ)~̅˶˺ʉˍʇʈ͗ĳ˼ĭɓÊ˝Ə˩̎ˤ˷˝ĒŲ˦̏˒Ɯ)
~Ɗ˝%˘x˺˽aÒ̉˼Ɯ)ŋH˼ȼ̏˝Ə˩̎ˤ˷˝ƪ˦̏˯˓ɺ
ɺ ɺ ̝̀͑̕˺˛ˢ̷̗̎˼Əõ²Ɵ̲͚̭͜HƏƊn˿ǩŚƊ̒͝Ƒ˘˵̧̧͈͎͓͚͏
͖̒ǲ˲˯˝˒ļc̨̕̕˺$Ǜ˪̖͖̎̀͑̿˷̝̀͑̕˷˶˽˭̏̌˼̲͚̭˝Ƙ˹̎˷Ǟ
˚̌̏̎˓˭˼˯̈˒ȸ×˝ȸ˘x˷ȼ˘x̒¶˨˒HƏƊ͜͝n˿ǩ
ŚƊ͜͝ɺ ʒɺ ʆʄʇˍʇʄʆ͜ʅÒ͝˼ǀ˺˛ˢ̎ôłXõ̒yŏ˺ȁĽ˨˯͜ʍ͝˓˘˫̏˼
x̉ʋ˷Ŝ̂˵¥˞˹ɀ˘˽Ǻ̌̏˹˜˲˯˓ɺ
ɺ
ʌʄʋɺ̬͖͒ÇD˺˛ˢ̎ƆƄƛôłɏ˼ƶɓŎȹɺ
ɺ ɺǐ˘˵D˺˛ˢ̎ôł!ęXõ˺Ŧơ˨˒̬͖͒ÇD˺˵â̌̏˯̙̗̩͒Ʌ!¯
ǄǎŒn˿˭˼Ʌ!¯Ǆǎ̡̩̭͚͐˼ƶɓIÌ̒ʎ˺ƪ˨˯˓˘ˠ˳˜˼ƶɓƟ£̏
3˽Ǻ̌̏̎̉˼˼͜ʶʄʸʄɺ ¤ˠ˝cļɈ˺$Ǜ˪̡̩̭͚̎͐ʘ˼	˶˒ʇŋ&˼̬͖̆͒Ç
]Ɉ˺˵ŋH˦̏˯˓̅˯˒̡̩̭͚͐ʝ˼¤ˠ˝cɈ˺$Ǜ˨˵˘˯˝˒˘ˠ˳˜˼ŋ&˽
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	¨]Ɉ˺˵ŋH˦̏˵˘̎͝˒̬͖͒Ç˺˛ˢ̎ƆƄƛ̙̗̩͒˼ôłɏ˺˽Ɵ˹
ɡƴí˝Ǻ̌̏˯˓ʈʆʆʊˍʈʆʆʏÒ͜ʿɺʒɺʇʊʎ͝n˿ʈʆʇʆˍʈʆʇʉÒ͜ʿɺʒɺʇʊʇ͝˷˶ʈĵɓ˺Iˢ˵
͔̰̳͂˨˯ǍĿ̒ʎʗ˒ʘ˺ƪ˪˓¤ˠ˼̡̩̭͚͐˝ĭɓǌȽ̒ǌ˵̉̃˷̓˸y˩
˶Ũǲ̒ǑĈ˨˵˘˯ˤ˷˜̌˒ˤ˼̋˙˹Ú˘ƶɓŎȹ̒ǑĈ˪̎̋˙˹̙̗̩͒˼ƍƟ
!ę˺½˪̎ɟ ͙/Ȼ¯˼°˝ƪ˦̏˯˓ɺ
ɺ
ːʌʄʌɺ̬͖͒ÇD˺˛ˢ̎ƆƄƛ!ę˼ĮǿɅ!²ƟȁĽɺ
ɺ ɺÜ̶͙̳̤͈͎̱̖͙̽ƆƄƛ½ƽŧX¯˺˳˘˵˒˭̏̌˝̙̗̩͒!ę˺½˪̎ɟ
 ˗̎˘˽/Ȼ¯˶˗̎˷˘˙¶˼̉˷̤̩̳ʅ̡̤͖̮̭͖̩̲͋͒̒Û˵˽̈˒͇͖̱
̱̩̳͒̒ǲ˲˯˓˭̏ˮ̏˒̤̩̳ʅ̡̤͖̮̭͖̩.ğˌɺ ʒɺ ʆˍʋʆʆ˺˛ˢ͇͖̱̎͒.ğ
͜ƣɔ.ğ̒͝ʏ˺ƪ˨˯˓̤̩̳ʅ̡̤͖̮̭͖̩̲͋͒̒¶˨˯ɞ˺˒ÎŽ̲͋͒͜ˌɺ ʒɺ
ʆ͝˷Ŝ̂˵ƣɔí˝T˪̎˜˸˙˜̒Ȋ,˨˵˛̍˒̤̩̳˷¶˨˯Őɶ[Ɋ˺˛˘˵˒
˭˼̤̩̳ȥɢ˷Ʌ!Ɵȥɢ˷˼Ř˼ƣɔí˒i˱ƣɔ.ğ˼T˝Ǻ̌̏˯͜ʏʕ͝˓Ő
ɶ[Ɋ˼̤̩̳̲͋͒˺˛˘˵ɶ˘̤̩̳.ğˌ͜ˑʇʉʆ̒͝Ƒ˘˯x˺˒ƣɔ.ğ˝ʆʄʈʆ
͜ÎŽ̲͋͒͝˜̌ˑʆʄʉʆ̅˶T˨˯ˤ˷˜̌˒Őɶ[Ɋ˝̙̗̩͒!ę˺˛˘˵ɟ ˷˨
˵º˨˵˘̎ˤ˷˝ƪ˦̏˯˓ĥ˶˒šÈƻŝ̊ŊƏĉğ˺˳˘˵˽̤̩̳ʅ̡̤͖̮
̭͖̩̲͋͒˼˘˫̏˺˛˘˵̉ƣɔ.ğ˼T˽ȍ̈̌̏˹˜˲˯͜ʏʖʂɺ ʗ͝˓s»
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×˼̡̤͖̮̭͖̩̲͋͒˺˛˘˵ƣɔɔ.˼ě˝Ǻ̌̏˯˝˒˭˼ƣɔ.ğ˼T˽
ɥÏ˺¿˦ˠ˒̶̳̤͈͎̱̖̽ɔȺ¯˺̙̗̩̋̎͒!ę́˼ɟ ͙/ȻWĿ˽ȍ̈̌̏
˹˜˲˯͜ʏʘʂɺ ʙ͝˓ʠʛʩ˺˛ˢ̎ǓĚHɯn˿¿²ńğ˺˳˘˵˽̑˫˜˺ɟ WĿ
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˝˭̏ˮ̏ʆʄʈʋ̅˶T˨˯͜ʏʚʂɺʛ͝˓ɺ
ɺ ɺyŏ˺˒˭̏ˮ̏˼¯͙̲͋͒˺˳˘˵̤̩̳ȥɢƶɓ̡̩̭͚͐Iɰ̒˨˒ʕʝ̱̩̳̒
ǲ˲˯͜ʇʆ͝˓˭̏ˮ̏˼¯˺˳˘˵˒̡̩̭͚͐ğɺ ʟɺʒɺʋʂɺʇʆʂɺʈʆʂɺʉʆ˼ʊȷ̍˼ȁĽ̒
ǲ˘˒̤̩̳ʅ̡̤͖̮̭͖̩.ğˌɺ ʒɺ ʆˍʋʆʆ˺˛ˢ̎ʕʝŜ̒ƪ˨˯˓ʕʝ̱̩̳˶˽˒˭̏ˮ̏
˼¯˺˳˘˵̤̩̳ʅ̡̤͖̮̭͖̩̲͋͒̒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!ę˺½˪̎ĪƩ˹ɟ ͙/ȻWĿ̒ƪ˪¯˽ȍ̈̌̏˹˜˲˯˓̡̩̭͚͐ğɺ ʟɺʒɺʋ˶
˽˒Őɶ[Ɋ̊šÈƻŝ˒ŊƏĉğ˼̤̩̳̲͋͒˺˛˘˵ʕʝŜ˼ůÀ˝̑˫˜˺ȍ
̈̌̏˯˝˒ʟɺ ˑɺ ʇʆ˼x̉}̈˒ÎŽ̲͋͒˷Ŝ̂˵ĪƩ˹ʕʝŜ˼ůÀ˽Ǻ̌̏˹˜˲
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˼¿²ńğ̡̤̩̳̲͙̤͖̮̭͖̩̲͋͒͋͒˶˽˒˘˫̏̉ÎŽ̲͋͒˺˛ˢ̎ʕʝŜ˷
Ŝ̂˵ĪƩ˹ůÀ˽ȍ̈̌̏˹˜˲˯˓ɺ
 33 
ʍʄɺ Ǟ¼ɺ
ɺ ɺ̬͖͒ȕÇ˺˛ˢ̎ƆƄƛôł!ę˺žŻ̒Û˵˒Çɓn˿ÇD!ę˼Ȍǉ˹ƧǺ̒
â̎ˤ˷˝˶˞˯˓ɺ
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͖Ç˜̭̩̌́͐Ç̴̸̝̭͖̘̩̊̕Ç˺̙̗̩͒˝!ę˨˒ÇD˶ôłɏ˝Ó˝˲˵˘˯
ˤ˷̒Ī̌˜˺˨˯˓̭̩́͐Ç˶˽̷̗˼̡͕̯͖đƳƊ˝ɥÏ˺%ˠ͜ʈʆʇʈÒĭŻ˶˽˒
̜̲̖̜͖̞͖n˿̡͔͚˼̷̗ɡ˺˛˘˵ʇʎɻ˒̭̩́͐Ç˼˭˼̃˷̓˸˼Ɣ˶̉
ʉʆɻĶŴ͝˒ʫʜʣ˝Ē©˪̎đƳƊʍʆɻ˺˽Ɂˠn̓˶˘˹˘ʋʉ˓ˤ˼̋˙˹%˘̡͕̯͖đ
ƳƊ˼˯̈˒̙̗̩͒-@à˺ôłɏ˝Ó˝̍˒ôł˝Ĉǐ˨˯̉˼˷Ǟ˚̌̏˯˓ɺ
ɺ ɺ ̙̗̩͒˼Ʌ!¯Ǆǎɔ.˷ďq˼ƍƟɔ.̒Ǟö˪̎˷˒̬͖͒Ç˷̭̩́͐Çɓ
˶˼Çɓ!ę˽8ƝƟ˺Ə˩˯d˼!ę˶˗̍˒̭̩́͐Ç˺̙̗̩͒˝-@˨˯à˒ô
łɏ˝ǑĈ˦̏˯̉˼˷Ǟ˚̌̏̎˓̭̩́͐Ç˶Ǻ̌̏˯Çɓ!ę)˼I¯ĭȃȁĽ͙Ǆ
ǎƍ²ƟȁĽ˶˽˒̙̗̩͒-@˜̌ĲL˼Ɯ)~̅˶˺ʇÒȱˠ̉˼ĭɓÊ˝˗˲
˯ˤ˷˝ĒŲ˦̏˯˓Š¶ȔƟ̲͋͒˺̧̧͈͎͓͚̋̎͏͖˺˛˘˵̉˒̷̗ƆƄƛ˼ʦʆ˷˨
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̬͖͒Ç˺˗̎ʦʕʘʘʠ́ŋ&̒ȭȴ˨˯˶Ƣđǰ>ā&ť˺̋̎ƆƄƛȈģ̒ǲ˹˙
éǹ˝˗̎˓˦̌˺˒̖͖̀͑̿˶˽ƆƄƛƙ˘)˼~ǝY˺½˪̶̤͈͎̱̖̎D˼ȍȗ
˝%ˠ˒͚̈́͒ͅÇ˶˽ʇʎɻ˼˔˨˜ƆƄƛƙ˘)̒ǲĜŔɔ˺~˪̎˷˘˙ǲż̒
ȍȗ˨˵˘˹˜˲˯ʋʊ˓ʈʆʆʎÒ˺̴̸̧̗͖͙̻͑̕Ç˶ȣ˞˯ƆƄƛŨǲ˺˳˘˵˒Ûĭ˼
̷̗ƆƄƛƜ)˼ŋHƊ˽ǅʍɻ˷Ē¶˦̏˵˘̎ʊʎ˓̭̩́͐Ç˼Ɯ)~Ɗ˽̻͑Ç̋̍
̉˦̌˺%˘ˤ˷˝ò˦̏̎˝˒˼̲͋͒˺˛ˢ̎ƆƄƛ~Ɗ̒yŏ˺ʍɻ˷˨˯
x˶̉˒̙̗̩͒-@˜̌ĲL˼Ɯ)~̅˶˺ʋˍʇʈ͗ĳ˜˜̎ˤ˷˝ƪ˦̏˵˘̎
͜ʈʆʆʎÒ˼̻͑Ç˼)˶˽˒̙̗̩͒˼-@˜̌Ɯ)ŋH̅˶˼ĵɓ˝ǅʍ͗ĳ˷Ē¶˦̏
˵˛̍˒ķƨƵ˼ǍĿ˷#˯ǍĿ˝â̌̏˵˘̎͝˓̙̗̩͒-@˜̌ŋH̅˶˺ˤ˼̋˙˹
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ǹĭɓÊ˽˒́˼ƆƄƛ-@˼ƝǺ˝ɥÏ˺ɣ˶˗̎ˤ˷̒ƪ˨˵˘̎˓̖̀͑̿
͖˶˽É̊ËʅƔ˷˘˲˯ʠʛʩ˝ƇǦ˺ƆƄƛ½ƽ̒ǲ˲˵˛̍˒wʠʛʩD˶~˦̏˯
ƆƄƛƜ)ğ˒ƃ˺̳̽Ɯ)˝~˦̏˯x˒˭˼ğ˺˴˘˯˭˼˨˼˟˼½ê˷
˹˲˵˘̎˓˨˜˨˒ķƨƵǍĿ˽Ɯ)~̅˶˺¥˞˹ĭɓÊ˝˗̎ˤ˷̒ƪ˨˵˛̍˒˭
˼̋˙˹ĭƟ˹½ƽ˶˽̙̗̩͒-@à˺ôłɏ˝ǑĈ˦̏˵˨̅˙ˤ˷̒ƪ˨˵˘̎˓
˭˼˯̈˒̷̗˺½˪̎ɡ̡͕̯͖đƳ˹˸˼ƆƄƛ½ƽ˽˒ɥŨǲĭ˺˛˘˵̉ǑĈ˨
Ǐǐ˪̂˞˶˗̎˷Ǟ˚̌̏˯˓ɺ
ɺ ɺ ˦̌˺˒wʠʛʩ˶ǲ̑̏̎ĭƟ˹½ƽ˶˽ƆƄƛôłɏ̒˙̅ˠģ˱J̎ˤ˷˝˶˞˫˒
Ɯ)ğ˝ůÀ˨˯˷˨˵̉˒E˿Ɯ)ğ˝T˨˵˨̅˙ˤ˷˝ò˦̏̎˓)˚˾˒ʦʶʸʺˀʿɺ
ʝʝʝ˼ʘʕ̋̍ē*˦̏˯̲͚̭˺̋̎˷˒ʦʶʸʺˀʿɺʝʝʝ˶˽ʈʆʆʉÒɘ˒̡͕̯͖đƳƊ˼T˺
"˘Ɯ)~ğ˼ůÀ˝Ǻ̌̏˯˝͜ʈʆʇʇÒĭŻ˶ʉʈ)˼XƂƆƄƛƜ)͝˒ʈʆʇʇÒ
ɘ˼̡͕̯͖đƳƊůÀ˺"˘E˿Ɯ)ğ˼T˝Ǻ̌̏˒ʈʆʇʉÒ˶˽ʎʆ)˼XƂ
ƆƄƛƜ)˝~˦̏˵˘̎˓ƆƄƛ̙̗̩͒˼ôłɏ˺˽Ú˘ƶɓŎȹ˝Ǻ̌̏̎ˤ˷
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˘ˠ˳˜˼ġƈ˶˽˒̢̗͇͐̕ƻ˼ɍƏXƂ˺˛ˢ̙̗̩̎͒!ę˺½˨˒Ä̊šÈ˝ɟ
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˺ɔ̑̌˫IÌ˨˙̎ˤ˷˝ƪ˦̏˒ÜƟ̰̳͊͑˝˗̎˺˛˘˵̉ȱɠ˜̌˼
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̙̗̩͒-@̡̩͑̒Ï˺Ǟö˨˵˛ˠéǹ˝˗̎˷Ǟ˚̌̏˯˓ɺ
ɺ ɺ ̖͖̀͑̿˺˛˘˵˒ƆƄƛ˽ħ˺ǭØƅõ˷˹˲˵˘̎˓Ĥ˯˺ƛj&˝-@˨˒ôł
˝!ę͙ć¥˨˵˘ˠ̡̛̲͈̰̿˹ƅŤ˷Ƙ˹̍˒̙̗̩͒˼!ę˽ĥĥ{˶˹ˠ˒ŏ˔˹
ôłɏ˝y˺C˨˵˘̎ƅõ˺˗̎˓˭˼˯̈˒̡̛̲͈̰̿˹ƅŤ˷Ŝȫ˪̎˷̙̗
̩͒˼Ȼ\ȥɢ͜ʺʄʶʄɺ Ʌ!Ɵȥɢ͝˷̙̗̩͒!ęȥɢ˷˼ƣɔí˝%ˠ˹˲˵˨̅˙˷ò
˦̏̎˓ķƨƵ˺˛˘˵ĪƩ˹!ęɟ ͙/ȻWĿ˝â̌̏˹˜˲˯˳˼ǹ˷˨˵˒ˤ
˼̋˙˹ǭØƅõ˺˛ˢ̎ôłɏĒ¶˼ɣ˨˦˝Ċˣ̌̏̎˓¤ˠ˼ʢʨʘ˄˝ǭØƅõ˶˗
̎˷˘˙Ƌ·̒Ǟö˨˵̉˒ǭØƅõ˺˗̎ôłƜ˼!ęXõȁĪ˝à˼Ȓɮ˶˗̎˓
ȱÒ˒ŋ&ďq˼ǖ×ǌ×̒Ƒ˘˯ȺǐƟǄǎƍ²ƟȁĽ͜ ʴˀʿ˅ʺʿˆˀˆ˄ɺ
ˁʹˊʽˀʸʶˀʸ˃ʲˁʹʺʴɺ ʲʿʲʽˊ˄ʺ˄͝˺̋˲˵˒ƛj&Ȼ\v˺ţ˲˯ƍƟ!ęXõ̒ȁĽ˪̎ü
ť˝ɒƝ˦̏˳˳˗̎ʋʎʂʋʏ˓̅˯˒˽ǕÜ˜˳d¢Ɏ˼̡̤̩̳͙̤͖̮̭͖̩̲͋͒̒
Ƒ˘˯˝˒ɥǕÜ̲͋͒͜ʶʄʸʄɺ ̳̽˼řǲȸ×˷Őɶ[Ɋ˼ɔ.í̒ƪ˪̢̺̗̟͖ɔğ
˼̋˙˹ɥǕÜ̲͋͒ʌʆ̊͝ɕ3̒Ȇ¶˨˯ɢĞƟ̲͋͒͜ʶʄʸʄɺ ˗̎ɕ3˼Őɶ[Ɋ
˼˶˽ưX˶˞˹˘˷¶˪̲̎͋͒͝˒˦̌˺˽¤¢Ɏ˺̤̩̳̋̎Ñɦ˼Ŏǁƻ˺̋˲
˵˒̋̍Ƌ·Ɵ˹̙̗̩͒!ę̲͋͒˼Ē¶˝ĵß˶˞̎˓ˤ̏̌˼ĥť˽Ķ˰ƝÃȶ˶
˗̎˝˒ƛj&˼!ęXõ˒˷̍̑ˢ¹
˼Əõ˺ÚˠÝɧ̒rˢ̎ƉCȷôłƜ̊̓
̡̭͚®ôłƜ˹˸˼!ęXõ˼ȁĪ˺˛˘˵ɥÏ˺ĴƑ˹üť˶˗̎ˤ˷˜̌˒×
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˼ƝÃ˝éǹ˶˗̎˷Ǟ˚̌̏̎˓ɺ
ɺ ɺmǞġƈ˝tˠ˒ɍƏXƂ˺˛ˢ̎ƆƄƛôłɏ˺˳˘˵˽ě̈˵ȓŃ˪̎éǹ˝˗
̎˷Ǟ˚̌̏̎˝˒̖͖̀͑̿˶˽̤̙͋͑˜̌˼̷̗̉˨ˠ˽̳̽ƆƄƛôł˽~˦̏˵˛̌
˫˒̅˯˒̖͖̀͑̿˺˛ˢ̎ƆƄƛ̙̗̩͒˼Ȼ\ȽƲ˺˛˘˵˒ƘƳɓ!ę˺̋̍Ə˩˙
̎ʛɅ!¯ājŠ¶Ɉ$˼ɄĂ̉ŋH˦̏˹˜˲˯ˤ˷˜̌˒̤̙͋͑˽̷̗̳̊̽ɡ˺
˛ˢ̎ƆƄƛôłɏ˺}̅̏˵˘˹˘˷Ǟ˚̌̏˵˘̎ʇʈʂʋʋʂʋʌ˓˭˼˯̈˒ķƨƵ˶Ǻ̌̏
˯̋˙˹Çɓ!ę̊£̏3˷˨˵ŋH˦̏˯ɑȥɢ˼ÇD!ę˽˒̳̽̒˨˯̷̗˼ưX
˺̋̎̉˼˷Ǟ˚̌̏̎˓̳̽̒˨˯̷̗˼ưX˺̋̎ƆƄƛ!ę˺˳˘˵˽˘ˠ˳˜˼ƨ
Ƶ˶Ē¼˦̏˵˘̎˝ʇʋʂʌʇ˒ƆƄƛŭũ́˼̙̗̩͒-@̒ɖˡ˯̈˺˽˭˼̋˙˹̗
̷˼ưX̒k˨ˠǻO˪̎éǹ˝˗̎˓̖͖̀͑̿˶˽˒wʠʛʩɓ˼̷̗˼ȭȴ˺˽̡͕̯͖
đƳ˼ȉĪİ˼ēƪ˝éǹ˹˸˒̳̽̒˨˯̷̗˼ưX˺½˪̎Oə̒Ȇˢ˵˘̎˝ʌʈ˒
ķƨƵǍĿ˽˭̏̌˼½ƽ˝`I˶˽˹˜˲˯ˤ˷̒ƪ˨˛̍˒˭˼̋˙˹ɑȥɢ!ę̒ɖ
ˡ˯̈˺˽̋̍k»˺Oə̒ǲ˹˙éǹ˝˗̎˷Ǟ˚̌̏˯˓ɺ
ɺ ɺķƨƵ˼əƕ˷˨˵˒˘ˠ˳˜˼ɮŻ˝Ċˣ̌̏̎˓ķƨƵ˶˽Óǀ̬͖͒͜ȕÇ͝
˺˛ˢ̎ŋ&pɡ̒ǲ˙˯̈rXƟ̦͚̗͖̩̓͐˺̋˲˵ŋ&̒pɡ˨˯˝˒̳̽ƆƄƛ
Ɯ)~ğ˷XƂƆƄƛƜ)~ğ˷˺ƣɔ˝Ǻ̌̏˹˘˝˗̎ˤ˷̊˒A˵˼XƂ
ƆƄƛƜ)˜̌ŋ&̒@ü˨ȁĽ˪̎ˤ˷˝˶˞˹˜˲˯ˤ˷˜̌̉˒˺̦͖͖̋̎͂͑
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̢̻̗̩̕˼°˝ƪ˦̏˵˘̎͜ʇʇ͝˓ˤ˼̋˙˹̢̦͖͖̻̗̩͂͑̕˺̋̎Ɵ͙
ĭɓƟ˹5̍˝˒I¯ĭȃȁĽ̊Ǆǎƍ²ƟȁĽ˺˛ˢ̎ĭɓÊĒ¶n˿ĮǿɅ!
²˺̋̎ȁĽǍĿ˺Ýɧ̒˚˵˘̎uǣí˝˗̎˓ʘʕ̋̍â˯̭̩́͐Ç˺˛ˢ̎XƂ
ƆƄƛ̦͚̗͖̩̓͐˼̲͚̭˺˳˘˵̉yŏ˒rXƟ̦͚̗͖̩̓͐˺̢̦͖͖̋̎͂͑
̻̗̩̕˝°˨˵˘̎˷Ǟ˚˵˘̎˓ʈʆʆʊÒ˜̌ʈʆʇʆÒ˼ɓ˒̭̩́͐Ç˶˽ƆƄƛɜí
)˝~˦̏˵˘˹˘˝˒·ɞ˺ƆƄƛƜ)˝°˨˵˘˹˜˲˯˼˜˒˭̏˷̉Ɯ)ŋ
HƊ˝%˘˯̈ƆƄƛƜ)˝~˦̏˵˘˹˜˲˯˼˜˽Ī̌˜˶˹˘˓ķƨƵ˶˽˒̭
̩́͐Ç˺˵Ƙ˹̎˘ˠ˳˜˼ôłɏ˝Ó˝˲˵˘˯˷˘˙·˽Ʃȍ˦̏˵˘˹˘˝˒Ɯ
)~Ɗ˝%ˠ̡͕̯͖đƳƊ̉%˘ˤ˷̒Ǟö˪̎˷˒ʈʆʆʊÒ˜̌ʈʆʇʆÒ˼ɓ̉Ɯ)˝ŋ
H˦̏˹˜˲˯˰ˢ˶·ɞ˽ƆƄƛôłɏ˝°˨˵˘˯uǣí̉|¶˶˞˹˘˓ğƍ͋
̲͒ȁĽ˶˽˒¤ˠ˼̼͚̭͐͊˝̝̀͑̕˺˛ˢ̎Ƚl˼ƨƵǍĿ̒mǞ˺˨˵Ȇ¶˦̏
˵˛̍˒̖͖̀͑̿˺˛ˢ̷̗̎˼Əõ²Ɵ˹̲͚̭n˿̦͚̗͖̩̲͚̭̓͐˽˨˘˓̳̽
˝ɔ˨˵˘˹˘ɍǪƄ˼̲͚̭˺˳˘˵˽̦͚̗͖̩̲͚̭̓͐˜̌ŕˢ˵˘̎uǣí
̉˗̍˒Ƒ˘˯̷̗ɫğ̡͕̯͖̊đƳƊ˝Ƚ¿n˿Ƚ¥Ȋ,˦̏˵˘̎uǣí˝˗̎˓
ÇD!ęƨƵ˺˛˘˵̉yŏ˒̷̗˼Əõ²Ɵ̲͚̭̊ƚ²̲͚̭˼Ȥ˺̋̍˒̷̗ɫ
ğ̷̡̗͕̯͖̊đƳƊƻ˷˘˲˯̙̗̩͒!ę˺¥˞ˠÝɧ̒˚˙̎Ų¯˼Ýɧ̒
Ȋ,˪̎ˤ˷˝˶˞˹˜˲˯˓̬͖͒ÇD˼Aʠʛʩ˜̡͕̯͖̌đƳƊ˗̎˘˽̡͕̯͖đ
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Ƴğ̲͚̭̒â̎ˤ˷˝ɣ˶˗˲˯˯̈˒ıň˷˨˵wʠʛʩ˺˛ˢ̎sÛ˯̍˼Òɓ
ǓĚHɯ̒Ƒ˘˒wʠʛʩ˼ȜĜR˷̙̗̩͒!ę˷˼ɔȺí˺˳˘˵ȁĽ̒ǲ˲˯˓ǍĿ˒
͇͖̱̱̩̳͒˶˽̑˫˜˹˝̌Ĵó˹ɟ WĿ̒ƪ˨˵˛̍˒̙̗̩͒!ę̒ɖˡWĿ˝
˗̎̉˼˷Ǟ˚̌̏˯˓˨˜˨˒ÒɓĚHɯ˝wʠʛʩ˼̡͕̯͖Ƞ@Ɏ̊ƆƄƛ½ƽŧXɎ˒
̡͕̯͖đƳƊ˹˸̒ŘƩ˺oĬ˨˵˘̎0ȉ˽˹ˠ˒˭˼˯̈ƆƄƛ!ę˺½˪̎½ƽ
ŧX˼WĿ˺˳˘˵˒ķƨƵ˶ǉ˺ȘȔ˪̎ˤ˷˽ɣ˨˘˓ˤ˼Ż˝à˼Ȓɮ˶˗̎
˝˒̋̍ŘƩ˹ƆƄƛ½ƽŧXĉŐ̒(Ƒ˨˒̙̗̩͒˼ƍƟ!ę˺½˪̎Ƌǲ˼½ƽ
ŧX˼WĿ̒Ȋ,˪̎ˤ˷˶˒̖͖̀͑̿˺˛ˢ̎à˼ƆƄƛ½ƽùƗ˼Ǟň˺¥˞ˠº
˪̎ˤ˷˝˶˞̎˷Ǟ˚˵˘̎˓̅˯˒ƆƄƛ˺ə̌˫˒ôłƜ½ƽ˼WĿ̒ƛj&˼
ƍƟćĞ˷˘˙7ɦ˜̌Ȋ,˨˯ƨƵ˽ˤ̏̅˶˺~˦̏˵˛̌˫˒ƨƵüť˼Ĥǻí
˷˘˙ɦ˶̉à˼ƝÃ˝ĵß˶˞̎˓ɺ
ɺ ɺ˼̋˙˹ƨƵəƕ˽˗̎̉˼˼˒ķƨƵ˺̋̍Ī̌˜˷˹˲˯̖͖̀͑̿˺˛ˢ̎Çɓ
!ęn˿ÇD!ęXõ˺˳˘˵˼Ȍǉ˹ƧǺ˽˒ƆƄƛɶ̡̩͑˷˨˵~˦̏˵˘
̎˼ƝÃȶ͜ƃ˺˒ƫ ƟǡĮ˝ɰ#˪̎ļc̨̕̕ȕ͝˺˛ˢ̎ƆƄƛ½ƽ˺
˛˘˵ĴƑ˶˗̎˷Ǟ˚˵˘̎˓̙̗̩͒-@˜̌Ɯ)~̅˶˺ğ͘ĳ˺ǹĭɓÊ˝˗
̎ˤ˷˜̌˒ƝÃȶ˶Ǻ̌̏̎˺+°˨˯rXƟ̦͚̗͖̩̓͐˶˽˒̙̗̩͒-
@˼ĩĵŋH˝ɣ˶˗̎ˤ˷˝Ē¼˦̏̎˓ɺy˩Ç˶˗̴̸̧̗͖̎̕˺˛˘˵̉Çɓ
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!ę˝ƆƄƛŭũ\˺˛ˢ̎¥˞˹ɮ˷˹˲˵˛̍ʌʉ˒Çɓ!ę˶˽˹˘̉˼˼˒̭̗̊
	˺˛˘˵̉żƟ˷ƙ̑̏̎ƆƄƛ˼ɑȥɢ!ę)˝~˦̏˵˘̎ʇʋʂʌʊ˓ƝÃȶ
˶˽̦͚̗͖̩̓͐˺˛ˢ̎Ɯ)~Ɗ˝%˘˷ò˦̏˒̖͖̀͑̿̒}̇ˤ̏̌ɶ̩͑
̡˺˛˘˵˒̷̗˼ȭȴǻO˺̋̎żƟ˹ƆƄƛ!ę˼ɖŗ̦͚̗͖̩̊̓͐˼Ú
\˺̋̎8ƝƟ˹̙̗̩͒-@˼ĩĵŋH̒Ǐǐ˨˵ǲ˙éǹ˝˗̎˷Ǟ˚̌̏̎˓̅˯˒
ʠʛʩN˼½ƽ˶˽ôłɏ̒ģ˱J̎ˤ˷˝ɣ˨ˠ˒D˼ƆƄƛ½ƽ˺˛˘˵˒ʠʛʩƻ
˼ǲĜ^I˽ó̒˹˦˹˘˷Ǟ˚̌̏̎˓ˤ˼ƧǺ˽˒yŏ˺̷̗˝ƆƄƛ̒®˪̎
˼ļc̨̕̕ȕ˺̉Û˵˽̅̎˷Ǟ˚̌̏̎˝˒ɠđ˪̎ʠʛʩ͜˗̎˘˽Ç˶˹˘˼
ļc̨̕̕ȕ˶˽ɠđ˪̎˔͝˜̌˼̙̗̩͒-@˽Ï˺hñ˪̂˞˶˗̍˒Ü̊̽
̶̳̤͈͎̱̖˼ĴŽ˽̙̗̩͒!ę˺¥˞ˠÝɧ̒˚˹˘˷˘˙ˤ˷̒Ǟö˨˯˒ʠʛʩɓ
͜˗̎˘˽ɓ͝˼bȓƟ˹½ƽ˝éǹ˶˗̎˷Ǟ˚̌̏˯˓ːː̦͚̗͖̩̓͐˺˛ˢ̎Ɯ)
~Ɗ̒Ī̌˜˺˨˯ƨƵ˽̃˷̓˸˹˦̏˵˛̌˫˒½ƽ˺̋˲˵Ɯ)ğ˝ů˲˯˷˨˵
̉˒ķÛ˺ƆƄƛôłɏ̒ģ˱J̎ˤ˷˝˶˞˯˼˜̒ŘƩ˺Ȋ,˪̎ˤ˷˽ɣ˨˘˓ķƨ
Ƶ˶˽̙̗̩͒Ʌ!¯̒Ƒ˘̎ˤ˷˶˒Çɓ!ę˼ĭƶɓƟ˹Xõ̊˒D!ę˺ɔ
˪̎ɟ ¯̒Ī̌˜˺˪̎ˤ˷˝˶˞˯˝˒à˒P{˞˹·ƚ²˺˴˘˵Ŏǁ˨˯
2&͚̩̓˼ƆƄƛğƍ̲͋͒˷ƴŌƟ̦͚̗͖̩̓͐̋̎Ȍǉ˹I¯ƚ²ȁĽ˷̒ǋ̆
x̑ˬ̎ˤ˷˶˒ôł˼ƩƊí̊ɥŋH)̒}̇˦̌˺Ȍǉ˹ôłɏ˼XõȁĽ˝ĵß
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˶˞̎˓˗̎˘˽˒̷̗˼ǦſǲX̼̭͚͖̒AƌŲ$̧̩̱͉͜ʛʽˀʳʲʽɺ ʤˀ˄ʺ˅ʺˀʿʺʿʸɺ
ʧˊ˄˅ʶʾʂɺ ʛʤʧ͝ƻ̒Ƒ˘˵Ī̌˜˺˨˒ƆƄƛ̙̗̩͒˼!ę̼̭͚͖˷ƀ̌˨x̑ˬ̎ˤ˷
˶˒̷̗˼ǦſǲX˝˸̏̃˸̙̗̩͒!ę˺º˨˵˘̎˼˜̒ƢđƟ˺ȁĽ˪̎ˤ˷˝
˶˞̎˼˶˽˹˘˜˷Ǟ˚˵˘̎˓Çɓ˗̎˘˽ȱɠɓ˼̙̗̩͒-@ɬ×̊-@à
˼ŨǲƝƏ˗̎˘˽ūŷƩƊ˒̷̗˼ǲX˷̙̗̩͒!ę˷˼ɔȺ˒ôłɏǑĈ˺˛ˢ̩̎
͚̼͚̩͓̰̮͚͂˼ÞQ˒˦̌˺˽̡͕̯͖đƳƻ½ƽ˺̋̎ôłć¥˼ɖŗWĿ̊Ƌ
ƅ˼̦͚̗͖̩̓͐˺˛ˢ̎Ɯ)ŋHəƕ˼Ȋ,̒ǲ˙ˤ˷˝˒ƆƄƛƚ²͙I¯ƚ²ƨ
Ƶ˺˛ˢ̎à˼Ȓɮ˶˗̎˓Ƌǲ˶˽˒˕ȽlʈÒɓ˺̷̗ƒĻƆƄƛ̙̗̩͒˺̋̎X
Ƃn˿̳̽ƆƄƛƜ)˝~˦̏˵˘˹˘ˤ˷˖˝ƆƄƛŭũ\˼ĉŐ˷˨˵Ƒ˘̌̏˵˘
̎ʋʉ˓˨˜˨˒̖͖̀͑̿˼̋˙˹ƝÃȶ˽`I˹̦͚̗͖̩̓͐̒ǲ˙ˤ˷˝ɣ˨ˠ˒Ɯ)
~Ɗ˝%˘˷Ǟ˚̌̏̎ˤ˷˜̌˒˕Ɯ)˝~˦̏˵˘˹˘˖˯̈˕ƆƄƛ˝°˨˵˘
˹˘˖˷˘˙Mģ˽ɥÏ˺ɣ˶˗̎˷Ǟ˚̌̏̎˓̋˲˵˒ȅ˼̋˙˹ƨƵ̒ȷ˨˒ƆƄƛ
ŨǲƅŤ̒̋̍ŘƩ˺ÿĕ˪̎˯̈˼̦͚̗͖̩̓͐üť˼ɒƝ˼˒½ƽ˼Ǐǐí͜˗̎
˘˽ɥǏǐí͝˷EŨǲƩƊ˷˼ɔ.í˒Ɯ)ŋHƊ˷ôłɏǑĈƩƊ͙EŨǲƩƊ˷˼
ɔ.í̒Ī̌˜˺˨˒ɺ ˎŭũ\ˏ˼Mģ˺éǹ˹Ĥ˯˹ĉŐ˼ɒƝ̒ǲ˙ˤ˷˶˒̖͖̀͑̿
n˿˼ƆƄƛǭØ˺˛ˢ̎ƆƄƛĜƽ˺¥˞ˠº˶˞̎̉˼˷ĵß˦̏̎˓ɺ
ɺ ɺ
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ʎʄɺ ǍȔɺ
ɺ ɺ ʈʆʆʊˍʈʆʇʉÒ˺XƂƆƄƛrXƟ̦͚̗͖̩̓͐̒ȷ˨˵â̌̏˯ƆƄƛ̙̗̩͒Ʌ!
¯ɊK̲͚̭̒Ƒ˘˒̖͖̀͑̿˼̬͖͒ȕÇ˺˛ˢ̎ƆƄƛ̙̗̩͒˼Ȍǉ˹ĭƶɓƟ!
ęXõ˼ȁĪ̒ǲ˲˯˓̬͖͒ȕÇ˶˽˒%ɬ×˹˝̌̉Ç˜̌Ḉ˼̙̗̩͒!ę˝Ǻ̌
̏˒-@̒rˢ˯ÇD˶ôłɏ˝Ó˝˲˵˘˯ˤ˷˝Ī̌˜˷˹˲˯˓̬͖͒Ç˜̭̩̌́͐
Ḉ˼Çɓ!ę)˶˽˒żƟ˹̷̗˼ưX˺̙̗̩̋̎͒!ę˶˗̎ˤ˷˝ƪ˦̏˵˛
̍˒˭˼̋˙˹̷̗˼ưX˺½˪̎˦̌˹̎ǻOÚ\˝éǹ˶˗̎ˤ˷̒ƪ˨˵˘̎˓̅˯˒̙
̗̩͒-@ĭĵ̒Ē¶˨˯ǍĿ˒-@˜̌Ɯ)ŋH̅˶˺	¨3˶ʇʈ͗ĳ̉˼ĭɓÊ˝Ə
˩˵˘˯ˤ˷˝ƪ˦̏˒ğƍ̲͋͒ȁĽ˺˛˘˵̉ŋHR˼%˘̦͚̗͖̩̓͐˶˽À˹
ˠ˷̉aÒ˼ĭɓÊ˝Ə˩â̎ˤ˷˝ƪ˦̏˯˓˼ǍĿ˽˒̙̗̩͒-@˼ĩĵ
ŋH˝ɣ˶˗̎ˤ˷̒ƪ˨˵˛̍˒ƆƄƛɥŨǲ˶˗˲˵̉ĈǐƟ˹ƆƄƛ½ƽ̒
ǲ˹˙éǹ˝˗̎˷Ǟ˚̌̏̎˓̦͚̗͖̩̓͐˺̋̎ŋHƊ˝%˘x˒Ɯ)ŋH˝˦̌˺
ȼ̏̎ˤ˷˝ò˦̏˒̦͚̗͖̩̓͐˼Ú\̉Ɍǹ˹Ȓɮ˶˗̎˷Ǟ˚̌̏˯˓ĥ˶˒͒
̬͖ÇD˼ƍƟ!ę˺˳˘˵˽˒Őɶ[Ɋ˝̙̗̩͒!ę˼Ĳ̉¥˞˹ɟ ˶˗̎ˤ˷˝
Ī̌˜˷˹˲˯˓ƆƄƛ½ƽ˺ɔ˪̎¯͜ʠʛʩD˼ȜĜR̊¿²ńğ̉̑͝˫˜˺̙̗͒
̩!ę̒ɗŗ˨˵˘̎˷ĒŲ˦̏˯˝˒Őɶ[Ɋ̉}̈˒˭̏̌˼Ýɧ˽ôłɏ˼ƶɓƟ
Ó˝̍̒¶̈̎̃˸¥˞˘̉˼˶˽˹˜˲˯˓̶̳̤͈͎̱̖̽˼̙̗̩͒!ę˺½˪̎Ýɧ̉
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Ǻ̌̏˫˒Ƌƅ˼ʠʛʩN˼½ƽ˶˽ôłɏ̒ģ˱J̎ˤ˷˝ɣ˨˘˷Ǟ˚̌̏̎˓ɠđ˪̎
ʠʛʩ˜̌˼̙̗̩͒-@˽Ï˺hñ˪̂˞˶˗̍˒Ü̶̳̤͈͎̱̖̊̽˼ĴŽ˽̙̗̩͒
!ę˺¥˞ˠÝɧ̒˚˹˘˷˘˙ˤ˷̒Ǟö˨˯˶˒wʠʛʩɓ˼bȓƟ˹½ƽ̒ǲ˹˙
éǹ˝˗̎˷Ǟ˚̌̏˯˓ɺ
̋̍˒Ƌƅ˼½ƽ˶˽ƆƄƛŭũ\˼·Ƌuǣí˝%˘ˤ˷˝ò˦̏̎˓ŭũ\˼
˯̈˺˽̦͚̗͖̩̓͐˼Ú\̡͕̯͖̊đƳƊ˼{˷˘˲˯½ƽ˼Ǐǐ˝Ɍǹ˶˗̍˒
ɓ˼Ⱥė˨˯ƆƄƛ½ƽ˺̋˲˵ƟƩ˺ƆƄƛôłɏ̒ģ˱J̎éǹ˝˗̎˷Ǟ˚̌
̏˯˓ɺ
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ʏʄɺ mǞġƈɺ
ʇɺ ʜʲʾˁ˄ˀʿʂɺʟʂɺʗˀˆʵʶˇʺʽʽʶʂɺʠʂɺʠʶʾʳˀʂɺʨ,%ɺʙ˄˅ʺʾʲ˅ʺʿʸɺ˅ʹʶɺʸʽˀʳʲʽɺʳˆ˃ʵʶʿɺˀʷɺʶʿʵʶʾʺʴɺ
ʴʲʿʺʿʶɺ˃ʲʳʺʶ˄ʄɺ( %*()"+ɺʈʆʇʋʑɺʏʂɺʶʆʆʆʉʍʆʏʄɺ
ʈɺ ʗˀʽʶʾʲʿʂɺʤʛɺɼɺʘˊʶʂɺʗʄɺʝʾʾˆʿʺˋʲ˅ʺˀʿɺʴˀˇʶ˃ʲʸʶɺ˃ʶ˂ˆʺ˃ʶʵɺ˅ˀɺˁ˃ʶˇʶʿ˅ɺˀˆ˅ʳ˃ʶʲʼ˄ɺˀʷɺʵˀʸɺ
˃ʲʳʺʶ˄ʄɺ"'ɺʇʏʏʌʑɺʇʊʂɺʇʎʋʃʇʎʌʄɺ
ʉɺ ʠʶʾʳˀʂɺʨʂɺˀʿɺʳʶʹʲʽʷɺˀʷɺ˅ʹʶɺʤʲ˃˅ʿʶ˃˄ɺʷˀ˃ɺʦʲʳʺʶ˄ɺʤ˃ʶˇʶʿ˅ʺˀʿʂɺʈʆʇʈʄɺʨʹʶɺʳʽˆʶˁ˃ʺʿ˅ɺʷˀ˃ɺ
˃ʲʳʺʶ˄ɺˁ˃ʶˇʶʿ˅ʺˀʿɺʲʿʵɺʴˀʿ˅˃ˀʽʐɺʲɺʿˀˇʶʽɺˀˁʶ˃ʲ˅ʺˀʿʲʽɺ˅ˀˀʽʼʺ˅ɺʷˀ˃ɺ˃ʲʳʺʶ˄ɺʶʽʺʾʺʿʲ˅ʺˀʿʄɺ(
 %*()"+ɺʈʆʇʈʑɺʌʂɺʶʇʉʎʎʄɺ
ʊɺ ʫˀ˃ʽʵɺ ʜʶʲʽ˅ʹɺ ʣ˃ʸʲʿʺˋʲ˅ʺˀʿʄɺ ʛʽˀʳʲʽɺ ʵʺ˄˅˃ʺʳˆ˅ʺˀʿɺ ˀʷɺ ˃ʺ˄ʼɺ ˅ˀɺ ʹˆʾʲʿ˄ɺ ˀʷɺ ʴˀʿ˅˃ʲʴ˅ʺʿʸɺ
˃ʲʳʺʶ˄ʄɺʈʆʇʉʑɺʕˇʲʺʽʲʳʽʶʐɺʹ˅˅ˁʐʅʅˈˈˈʄˈʹˀʄʺʿ˅ʅ˃ʲʳʺʶ˄ʅʶˁʺʵʶʾʺˀʽˀʸˊʅʶʿʅɺɾʕʴʴʶ˄˄ʶʵɺˀʿɺ
ʈʌɺʣʴ˅ˀʳʶ˃ɺʈʆʇʋɿʄɺ
ʋɺ ʜʲʾˁ˄ˀʿʂɺʟʂɺʘˆ˄ʹˀʷʷʂɺʞʂɺʗʽʶʲˇʶʽʲʿʵʂɺʧ,%ɺʨ˃ʲʿ˄ʾʺ˄˄ʺˀʿɺʵˊʿʲʾʺʴ˄ɺʲʿʵɺˁ˃ˀ˄ˁʶʴ˅˄ɺ
ʷˀ˃ɺ˅ʹʶɺʶʽʺʾʺʿʲ˅ʺˀʿɺˀʷɺʴʲʿʺʿʶɺ˃ʲʳʺʶ˄ʄɺ("(%ɺʈʆʆʏʑɺʍʂɺʶʋʉʄɺ
ʌɺ ʭʲʾʲʾˀ˅ˀʂɺʧʂɺʝˈʲ˄ʲʼʺʂɺʗʂɺʣˀʿˀʂɺʜʂɺʢʺʿˀʾʺˊʲʂɺʟɺɼɺʡʲ˅˄ˆʾˆ˃ʲʂɺʨʄɺʨʹʶɺʷʺ˃˄˅ɺʺʾˁˀ˃˅ʶʵɺ
ʴʲ˄ʶɺˀʷɺ˃ʲʳʺʶ˄ɺʺʿ˅ˀɺʞʲˁʲʿɺʺʿɺʉʌɺˊʶʲ˃˄ʐɺʲɺʷˀ˃ʸˀ˅˅ʶʿɺʽʺʷʶʃ˅ʹ˃ʶʲ˅ʶʿʺʿʸɺʵʺ˄ʶʲ˄ʶʄɺ(-*'%(
,*.%&""'ɺʈʆʆʎʑɺʇʋʂɺʉʍʈʃʉʍʊʄɺ
ʍɺ ʨʲʾʲ˄ʹʺ˃ˀʂɺʜʂɺʡʲ˅ʺʳʲʸʂɺʛʗʂɺʘʺ˅ʲʿʸʴˀʂɺʦʕʂɺʟʲʿʵʲʂɺʟɺɼɺʣʹʳʲˊʲ˄ʹʺʂɺʭʄɺʦʶˇʺ˄ʺ˅ʺʿʸɺ
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˃ʲʳʺʶ˄ɺʺʿɺʞʲˁʲʿʐɺʺ˄ɺ˅ʹʶ˃ʶɺʴʲˆ˄ʶɺʷˀ˃ɺʲʽʲ˃ʾʔɺ*.%',"+ɺʈʆʆʍʑɺʋʂɺʈʌʉʃʈʍʋʄɺ
ʎɺ ʫˀ˃ʽʵɺ ʜʶʲʽ˅ʹɺ ʣ˃ʸʲʿʺˋʲ˅ʺˀʿɺ ʫʶ˄˅ʶ˃ʿɺ ʤʲʴʺʷʺʴɺ ʦʶʸʺˀʿʄɺ ʦʲʳʺʶ˄ɺ ʺʿɺ ˅ʹʶɺ ʤʹʺʽʺˁˁʺʿʶ˄ʄɺ
ʕˇʲʺʽʲʳʽʶʐɺʹ˅˅ˁʐʅʅˈˈˈʄˈˁ˃ˀʄˈʹˀʄʺʿ˅ʅˁʹʺʽʺˁˁʺʿʶ˄ʅʲ˃ʶʲ˄ʅʴˀʾʾˆʿʺʴʲʳʽʶʱʵʺ˄ʶʲ˄ʶ˄ʅ˃ʲʳʺʶɺ
˄ʅʴˀʿ˅ʺʿˆʲ˅ʺˀʿʱ˃ʲʳʺʶ˄ʱʲ˃ʶʲʱˁʲʸʶʅʶʿʅɺɾʕʴʴʶ˄˄ʶʵɺˀʿɺʈʆɺʘʶʴʶʾʳʶ˃ɺʈʆʇʋɿʄɺ
ʏɺ ʗʶʿ˅ʶ˃˄ɺ ʷˀ˃ɺʘʺ˄ʶʲ˄ʶɺʗˀʿ˅˃ˀʽɺ ʲʿʵɺʤ˃ʶˇʶʿ˅ʺˀʿʄɺʦʲʳʺʶ˄ʃʚ˃ʶʶɺʗˀˆʿ˅˃ʺʶ˄ɺ ʲʿʵɺʤˀʽʺ˅ʺʴʲʽɺ
ʩʿʺ˅˄ʄɺʈʆʇʉʑɺʕˇʲʺʲʳʽʶʐɺʹ˅˅ˁʐʅʅˈˈˈʄʴʵʴʄʸˀˇʅʺʾˁˀ˃˅ʲ˅ʺˀʿʅ˃ʲʳʺʶ˄ʃʷ˃ʶʶʃʴˀˆʿ˅˃ʺʶ˄ʄʹ˅ʾʽɺ
ɾʕʴʴʶ˄˄ʶʵɺˀʿɺʈʆɺʘʶʴʶʾʳʶ˃ɺʈʆʇʋɿʄɺ
ʇʆɺ ʘˀʵʶ˅ʂɺ ʖʄɺ ʦʶˁˀ˃˅ɺ ˀʷɺ ˅ʹʶɺ ˄ʺˉ˅ʹɺ ʕʦʙʖɺ ʾʶʶ˅ʺʿʸʂɺ ʡʲʿʺʽʲʂɺ ʨʹʶɺ ʤʹʺʽʺˁˁʺʿʶ˄ʂɺ ʇʆʃʇʈɺ
ʢˀˇʶʾʳʶ˃ɺʈʆʆʏʄɺ"'ɺʈʆʇʆʑɺʈʎʂɺʉʈʌʋʃʉʈʌʎʄɺ
ʇʇɺ ʧʲʺ˅ˀʂɺ ʡʂɺ ʣ˄ʹʺ˅ʲʿʺʂɺ ʜʂɺ ʣ˃ʳʺʿʲʂɺ ʞʦʗ , %ɺ ʛʶʿʶ˅ʺʴɺ ʵʺˇʶ˃˄ʺ˅ˊɺ ʲʿʵɺ ʸʶˀʸ˃ʲˁʹʺʴɺ
ʵʺ˄˅˃ʺʳˆ˅ʺˀʿɺˀʷɺʸʶʿʶ˅ʺʴʲʽʽˊɺʵʺ˄˅ʺʿʴ˅ɺ˃ʲʳʺʶ˄ɺˇʺ˃ˆ˄ʶ˄ɺʺʿɺ˅ʹʶɺʤʹʺʽʺˁˁʺʿʶ˄ʄɺ( %,
*()"%"++ɺʈʆʇʉʑɺʍʂɺʶʈʇʊʊʄɺ
ʇʈɺ ʨˀʹʾʲʂɺʟʂɺʧʲʺ˅ˀʂɺʡʂɺʟʲʾʺʸʲʼʺʂɺʨ,%ɺʤʹˊʽˀʸʶˀʸ˃ʲˁʹʺʴɺʲʿʲʽˊ˄ʺ˄ɺˀʷɺ˃ʲʳʺʶ˄ɺˇʺ˃ˆ˄ʶ˄ɺʺʿɺ
˅ʹʶɺʤʹʺʽʺˁˁʺʿʶ˄ʄɺ',
',	.(%ɺʈʆʇʊʑɺʈʉʂɺʎʌʃʏʊʄɺ
ʇʉɺ ʠʲˁʺˋʂɺ ʧʡʂɺ ʡʺ˃ʲʿʵʲʂɺ ʡʙʂɺ ʛʲ˃ʴʺʲʂɺ ʦʛ , %ɺ ʝʾˁʽʶʾʶʿ˅ʲ˅ʺˀʿɺ ˀʷɺ ʲʿɺ ʺʿ˅ʶ˃˄ʶʴ˅ˀ˃ʲʽɺ
ˁ˃ˀʸ˃ʲʾɺ ˅ˀɺ ʶʽʺʾʺʿʲ˅ʶɺ ʹˆʾʲʿɺ ʲʿʵɺ ʴʲʿʺʿʶɺ ˃ʲʳʺʶ˄ʐɺ ˅ʹʶɺ ʖˀʹˀʽɺ ʦʲʳʺʶ˄ɺ ʤ˃ʶˇʶʿ˅ʺˀʿɺ ʲʿʵɺ
ʙʽʺʾʺʿʲ˅ʺˀʿɺʤ˃ˀʻʶʴ˅ʄɺ( %*()"+ɺʈʆʇʈʑɺʌʂɺʶʇʎʏʇʄɺ
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ʇʊɺ ʖˀˆ˃ʹˊʂɺʜʂɺʦʶˊʿʶ˄ʂɺʞʡʂɺʘˆʿʹʲʾʂɺʙʞ,%ɺʨʹʶɺˀ˃ʺʸʺʿɺʲʿʵɺˁʹˊʽˀʸʶˀʸ˃ʲˁʹˊɺˀʷɺʵˀʸɺ
˃ʲʳʺʶ˄ɺˇʺ˃ˆ˄ʄɺ
'"*(%ɺʈʆʆʎʑɺʎʏʂɺʈʌʍʉʃʈʌʎʇʄɺ
ʇʋɺ ʘʶʿʵˆʲʿʸʳˀ˃ʺˁʲʿ˅ʂɺ ʞʂɺʫʲʴʹʲ˃ʲˁʽˆʶ˄ʲʵʶʶʂɺ ʧʂɺ ʠˆʾʽʶ˃˅ʵʲʴʹʲʂɺ ʖ , %ɺ ʨ˃ʲʿ˄ʾʺ˄˄ʺˀʿɺ
ʵˊʿʲʾʺʴ˄ɺˀʷɺ˃ʲʳʺʶ˄ɺˇʺ˃ˆ˄ɺʺʿɺʨʹʲʺʽʲʿʵʐɺʺʾˁʽʺʴʲ˅ʺˀʿ˄ɺʷˀ˃ɺʵʺ˄ʶʲ˄ʶɺʴˀʿ˅˃ˀʽʄɺ',"+ɺ
ʈʆʆʋʑɺʋʂɺʋʈʄɺ
ʇʌɺ ʛ˃ʶʿʷʶʽʽʂɺ ʖʨʂɺ ʤˊʳˆ˄ʂɺ ʣʛʂɺ ʛˀʸʂɺ ʞʦ , %ɺ ʩʿʺʷˊʺʿʸɺ ˅ʹʶɺ ʶˁʺʵʶʾʺˀʽˀʸʺʴʲʽɺ ʲʿʵɺ
ʶˇˀʽˆ˅ʺˀʿʲ˃ˊɺʵˊʿʲʾʺʴ˄ɺˀʷɺˁʲ˅ʹˀʸʶʿ˄ʄɺ"'ɺʈʆʆʊʑɺʉʆʉʂɺʉʈʍʃʉʉʈʄɺ
ʇʍɺ ʛ˃ʺʷʷʺ˅ʹ˄ʂɺʦʗɺɼɺʨʲˇʲ˃ʶʂɺ ʧʄɺʕʿʴʶ˄˅˃ʲʽɺ ʝʿʷʶ˃ʶʿʴʶɺ ʺʿɺ ʤˀˁˆʽʲ˅ʺˀʿɺʛʶʿʶ˅ʺʴ˄ʄɺ,,"+,"%
"'ɺʇʏʏʊʑɺʏʂɺʉʆʍʃʉʇʏʄɺ
ʇʎɺ ʘ˃ˆʾʾˀʿʵʂɺʕʞʂɺʧˆʴʹʲ˃ʵʂɺʡʕʂɺʬʺʶʂɺʘɺɼɺʦʲʾʳʲˆ˅ʂɺʕʄɺʖʲˊʶ˄ʺʲʿɺˁʹˊʽˀʸʶʿʶ˅ʺʴ˄ɺˈʺ˅ʹɺ
ʖʙʕʩ˅ʺɺʲʿʵɺ˅ʹʶɺʖʙʕʧʨɺʇʄʍʄɺ(%"(%	.(%ɺʈʆʇʈʑɺʈʏʂɺʇʏʌʏʃʇʏʍʉʄɺ
ʇʏɺ ʠʶʾʶˊʂɺʤʂɺʦʲʾʳʲˆ˅ʂɺʕʂɺʘ˃ˆʾʾˀʿʵʂɺʕʞɺɼɺʧˆʴʹʲ˃ʵʂɺʡʕʄɺʖʲˊʶ˄ʺʲʿɺˁʹˊʽˀʸʶˀʸ˃ʲˁʹˊɺ
ʷʺʿʵ˄ɺʺ˅˄ɺ˃ˀˀ˅˄ʄɺ((&)-,"(%ɺʈʆʆʏʑɺʋʂɺʶʇʆʆʆʋʈʆʄɺ
ʈʆɺ ʤˊʳˆ˄ʂɺʣʛɺɼɺʦʲʾʳʲˆ˅ʂɺʕʄɺʙˇˀʽˆ˅ʺˀʿʲ˃ˊɺʲʿʲʽˊ˄ʺ˄ɺˀʷɺ˅ʹʶɺʵˊʿʲʾʺʴ˄ɺˀʷɺˇʺ˃ʲʽɺʺʿʷʶʴ˅ʺˀˆ˄ɺ
ʵʺ˄ʶʲ˄ʶʄɺ,.
',ɺʈʆʆʏʑɺʇʆʂɺʋʊʆʃʋʋʆʄɺ
ʈʇɺ ʧ˅ʲʵʽʶ˃ʂɺʨʂɺʟˀˆˊˀ˄ʂɺʦʂɺˇˀʿɺʫˊʽʂɺʪ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,%ɺʧˊʿʴʹ˃ˀʿˀˆ˄ɺʴˊʴʽʶ˄ɺˀʷɺʵˀʾʶ˄˅ʺʴɺʵˀʸɺ˃ʲʳʺʶ˄ɺ
ʺʿɺ˄ˆʳʃʧʲʹʲ˃ʲʿɺʕʷ˃ʺʴʲɺʲʿʵɺ˅ʹʶɺʺʾˁʲʴ˅ɺˀʷɺʴˀʿ˅˃ˀʽɺʶʷʷˀ˃˅˄ʄɺ*(,%"ɺ
ʈʆʆʍʑɺʇʆʊʂɺʍʍʇʍʃʍʍʈʈʄɺ
ʊʍɺ ʟʺ˅ʲʽʲʂɺ ʤʡʂɺʡʴʘʶ˃ʾˀ˅˅ʂɺ ʞʞʂɺ ʗˀʽʶʾʲʿʂɺ ʤʛɺ ɼɺ ʘˊʶʂɺ ʗʄɺ ʗˀʾˁʲ˃ʺ˄ˀʿɺ ˀʷɺ ˇʲʴʴʺʿʲ˅ʺˀʿɺ
˄˅˃ʲ˅ʶʸʺʶ˄ɺʷˀ˃ɺ˅ʹʶɺʴˀʿ˅˃ˀʽɺˀʷɺʵˀʸɺ˃ʲʳʺʶ˄ɺʺʿɺʡʲʴʹʲʼˀ˄ɺʘʺ˄˅˃ʺʴ˅ʂɺʟʶʿˊʲʄɺ	)"&"(%',ɺ
ʈʆʆʈʑɺʇʈʏʂɺʈʇʋʃʈʈʈʄɺ
ʊʎɺ ʨˀˈʿ˄ʶʿʵʂɺʧʙʂɺʧˆʾʲʿ˅˃ʲʂɺʝʤʂɺʤˆʵʻʺʲ˅ʾˀʼˀ,%ɺʘʶ˄ʺʸʿʺʿʸɺˁ˃ˀʸ˃ʲʾ˄ɺʷˀ˃ɺʶʽʺʾʺʿʲ˅ʺʿʸɺ
ʴʲʿʺʿʶɺ˃ʲʳʺʶ˄ɺʷ˃ˀʾɺʺ˄ʽʲʿʵ˄ʐɺʖʲʽʺʂɺʝʿʵˀʿʶ˄ʺʲɺʲ˄ɺʲɺʴʲ˄ʶɺ˄˅ˆʵˊʄɺ( %*()"+ɺʈʆʇʉʑɺ
ʍʂɺʶʈʉʍʈʄɺ
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ʊʏɺ ʮʺʿ˄˄˅ʲʸʂɺ ʞʂɺ ʘˆ˃˃ʂɺ ʧʂɺ ʤʶʿʿˊʂɺʡʕ , %ɺ ʨ˃ʲʿ˄ʾʺ˄˄ʺˀʿɺ ʵˊʿʲʾʺʴ˄ɺ ʲʿʵɺ ʶʴˀʿˀʾʺʴ˄ɺ ˀʷɺ
˃ʲʳʺʶ˄ɺʴˀʿ˅˃ˀʽɺʺʿɺʵˀʸ˄ɺʲʿʵɺʹˆʾʲʿ˄ɺʺʿɺʲʿɺʕʷ˃ʺʴʲʿɺʴʺ˅ˊʄɺ*(,%"ɺʈʆʆʏʑɺ
ʇʆʌʂɺʇʊʏʏʌʃʇʋʆʆʇʄɺ
ʋʆɺ ʨˀˈʿ˄ʶʿʵʂɺʧʙʂɺʠʶʾʳˀʂɺʨʂɺʗʽʶʲˇʶʽʲʿʵʂɺʧ , %ɺ ʧˆ˃ˇʶʺʽʽʲʿʴʶɺʸˆʺʵʶʽʺʿʶ˄ɺ ʷˀ˃ɺʵʺ˄ʶʲ˄ʶɺ
ʶʽʺʾʺʿʲ˅ʺˀʿʐɺʲɺʴʲ˄ʶɺ˄˅ˆʵˊɺˀʷɺʴʲʿʺʿʶɺ˃ʲʳʺʶ˄ʄɺ(&)&&-'(%"*("(%',"+ɺʈʆʇʉʑɺ
ʉʌʂɺʈʊʏʃʈʌʇʄɺ
ʋʇɺ ʧʹʺ˃ʼʂɺʕʞʂɺʫʲʽʽʺʿʂɺʘʣʂɺʗˆ˄ʹʾʲʿʂɺʧʕʂɺʦʺʴʶʂɺʗʛɺɼɺʫʲ˃ʹʶʺ˅ʂɺʟʝʄɺʝʿʷʶ˃˃ʺʿʸɺʽʲʿʵ˄ʴʲˁʶɺ
ʶʷʷʶʴ˅˄ɺ ˀʿɺ ʸʶʿʶɺ ʷʽˀˈʐɺ ʲɺ ʿʶˈɺ ʾˀʵʶʽɺ ˄ʶʽʶʴ˅ʺˀʿɺ ʷ˃ʲʾʶˈˀ˃ʼʄɺ (% 	(%ɺ ʈʆʇʆʑɺ ʇʏʂɺ
ʉʌʆʉʃʉʌʇʏʄɺ
ʋʈɺ ʤʲ˃ʼʶ˃ʂɺʞʂɺʦʲʾʳʲˆ˅ʂɺʕɺɼɺʤˊʳˆ˄ʂɺʣʛʄɺʗˀ˃˃ʶʽʲ˅ʺʿʸɺˇʺ˃ʲʽɺˁʹʶʿˀ˅ˊˁʶ˄ɺˈʺ˅ʹɺˁʹˊʽˀʸʶʿˊʐɺ
ʲʴʴˀˆʿ˅ʺʿʸɺʷˀ˃ɺˁʹˊʽˀʸʶʿʶ˅ʺʴɺˆʿʴʶ˃˅ʲʺʿ˅ˊʄɺ',
',	.(%ɺʈʆʆʎʑɺʎʂɺʈʉʏʃʈʊʌʄɺ
ʋʉɺ ʫˀ˃ʽʵɺʜʶʲʽ˅ʹɺʣ˃ʸʲʿʺˋʲ˅ʺˀʿʄɺʫʜʣɺʙˉˁʶ˃˅ɺʗˀʿ˄ˆʽ˅ʲ˅ʺˀʿɺˀʿɺʦʲʳʺʶ˄ʂɺ!'"%
)(*,*"+ɺʏʎʈʂɺʧʶʴˀʿʵɺ˃ʶˁˀ˃˅ʄɺʈʆʇʉʄɺ
ʋʊɺ ʘʲˇʽʺʿʂɺ ʧʠʂɺ ʠʲˁʺˋʂɺ ʧʡʂɺ ʡʺ˃ʲʿʵʲʂɺ ʡʙɺ ɼɺ ʡˆ˃˃ʲˊʂɺ ʟʣʄɺ ʟʿˀˈʽʶʵʸʶʂɺ ʲ˅˅ʺ˅ˆʵʶ˄ʂɺ ʲʿʵɺ
ˁ˃ʲʴ˅ʺʴʶ˄ɺ˃ʶʸʲ˃ʵʺʿʸɺ˃ʲʳʺʶ˄ɺʺʿɺʚʺʽʺˁʺʿˀ˄ɺʷˀʽʽˀˈʺʿʸɺʺʾˁʽʶʾʶʿ˅ʲ˅ʺˀʿɺˀʷɺ˅ʹʶɺʖˀʹˀʽɺʦʲʳʺʶ˄ɺ
ʤ˃ʶˇʶʿ˅ʺˀʿɺʲʿʵɺʙʽʺʾʺʿʲ˅ʺˀʿɺʤ˃ˀʸ˃ʲʾʾʶʄɺ	)"&"(%',ɺʈʆʇʊʑɺʇʊʈʂɺʇʊʍʌʃʇʊʎʋʄɺ
ʋʋɺ ʕ˃ʾʳˆʽˀʂɺʤʪʂɺʉ˃ʵʂɺʖʶ˃ʲʿʂɺʛʫɺɼɺʙ˄ʴˆʵʶ˃ˀʂɺʧʜʂɺʉ˃ʵʄɺʙ˃ʲʵʺʴʲ˅ʺˀʿɺˀʷɺ ˃ʲʳʺʶ˄ɺ ʺʿɺ ˅ʹʶɺ
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ʤʹʺʽʺˁˁʺʿʶ˄ʄɺ%,!)ɺʇʏʍʈʑɺʎʍʂɺʎʍʃʏʈʄɺ
ʋʌɺ ʖʶ˃ʲʿʂɺʛʫʄɺʙʴˀʽˀʸˊɺˀʷɺʘˀʸ˄ɺʺʿɺ˅ʹʶɺʗʶʿ˅˃ʲʽɺʤʹʺʽʺˁˁʺʿʶ˄ɺʺʿɺʦʶʽʲ˅ʺˀʿɺ˅ˀɺʦʲʳʺʶ˄ɺʗˀʿ˅˃ˀʽɺ
ʙʷʷˀ˃˅˄ʄɺ(&)*,". &&-'(%( / "*("(%( / ' ',"(-+ "+++ɺ ʇʏʎʈʑɺ ʋʂɺ
ʈʌʋʃʈʍʆʄɺ
ʋʍɺ ʨʶʿˋʺʿʂɺ ʫʲʴʹʲ˃ʲˁʽˆʶ˄ʲʵʶʶʂɺ ʧʂɺ ʘʶʿʵˆʲʿʸʳˀ˃ʺˁʲʿ˅ʂɺ ʞ , %ɺ ʦʲʳʺʶ˄ɺ ˇʺ˃ˆ˄ɺ ˄˅˃ʲʺʿ˄ɺ
ʴʺ˃ʴˆʽʲ˅ʺʿʸɺ ʺʿɺ ʖʹˆ˅ʲʿʐɺ ʺʾˁʽʺʴʲ˅ʺˀʿ˄ɺ ʷˀ˃ɺ ʴˀʿ˅˃ˀʽʄɺ 	)"&"(% ',ɺ ʈʆʇʇʑɺ ʇʉʏʂɺ
ʇʊʋʍʃʇʊʌʈʄɺ
ʋʎɺ ʘʶʽʽʺʴˀˆ˃ʂɺʧʂɺʦˀ˄ʶʂɺʦɺɼɺʤˊʳˆ˄ʂɺʣʛʄɺʙˉˁʽʲʺʿʺʿʸɺ˅ʹʶɺʸʶˀʸ˃ʲˁʹʺʴɺ˄ˁ˃ʶʲʵɺˀʷɺʶʾʶ˃ʸʺʿʸɺ
ˇʺ˃ˆ˄ʶ˄ʐɺʲɺʿʶˈɺʷ˃ʲʾʶˈˀ˃ʼɺʷˀ˃ɺʴˀʾˁʲ˃ʺʿʸɺˇʺ˃ʲʽɺʸʶʿʶ˅ʺʴɺʺʿʷˀ˃ʾʲ˅ʺˀʿɺʲʿʵɺʶʿˇʺ˃ˀʿʾʶʿ˅ʲʽɺ
ʽʲʿʵ˄ʴʲˁʶɺ ʵʲ˅ʲʄɺ 	-*()' "',"" ('*' (' ))%" ',"(-+ "++
	)"&"(%( /ɺʈʆʇʊʑɺʧ˅ˀʴʼʹˀʽʾʂɺʧˈʶʵʶʿɺɾˁˀ˄˅ʶ˃ɺˁ˃ʶ˄ʶʿ˅ʲ˅ʺˀʿɿʄɺ
ʋʏɺ ʖˀˆʴʼʲʶ˃˅ʂɺʦʂɺʠʶʾʶˊʂɺʤʂɺʘˆʿʿʂɺʡ,%ɺʡʲˁˁʺʿʸɺ˅ʹʶɺˀ˃ʺʸʺʿ˄ɺʲʿʵɺʶˉˁʲʿ˄ʺˀʿɺˀʷɺ˅ʹʶɺ
ʝʿʵˀʃʙˆ˃ˀˁʶʲʿɺʽʲʿʸˆʲʸʶɺʷʲʾʺʽˊʄɺ"'ɺʈʆʇʈʑɺʉʉʍʂɺʏʋʍʃʏʌʆʄɺ
ʌʆɺ ʨˀʳʽʶ˃ʂɺ ʫʄɺ ʨʹ˃ʶʶɺ ˁ˃ʶ˄ʶʿ˅ʲ˅ʺˀʿ˄ɺ ˀʿɺ ʸʶˀʸ˃ʲˁʹʺʴʲʽɺ ʲʿʲʽˊ˄ʺ˄ɺ ʲʿʵɺ ʾˀʵʶʽʺʿʸʄɺ ʢʲ˅ʺˀʿʲʽɺ
ʴʶʿ˅ʶ˃ɺʷˀ˃ɺʸʶˀʸ˃ʲˁʹʺʴɺʺʿʷˀ˃ʾʲ˅ʺˀʿɺʲʿʵɺʲʿʲʽˊ˄ʺ˄ʄɺʨʙʗʜʢʝʗʕʠɺʦʙʤʣʦʨɺʏʉˍʇʂɺʇʏʏʉʄɺ
ʌʇɺ ʨʲʽʳʺʂɺ ʗʂɺ ʠʶʾʶˊʂɺ ʤʂɺ ʧˆʴʹʲ˃ʵʂɺ ʡʕ , %ɺ ʤʹˊʽˀʵˊʿʲʾʺʴ˄ɺ ʲʿʵɺ ʹˆʾʲʿʃʾʶʵʺʲ˅ʶʵɺ
ʵʺ˄ˁʶ˃˄ʲʽɺˀʷɺʲɺˋˀˀʿˀ˅ʺʴɺˇʺ˃ˆ˄ʄɺ(,!( ɺʈʆʇʆʑɺʌʂɺʶʇʆʆʇʇʌʌʄɺ
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ʌʈɺ ʘʶˁʲ˃˅ʾʶʿ˅ɺˀʷɺʜʶʲʽ˅ʹʂɺʤʹʺʽʺˁˁʺʿʶ˄ʄɺʢʲ˅ʺˀʿʲʽɺʦʲʳʺʶ˄ɺʤ˃ʶˇʶʿ˅ʺˀʿɺʲʿʵɺʗˀʿ˅˃ˀʽɺʤ˃ˀʸ˃ʲʾɺ
ʡʲʿˆʲʽɺˀ ʷɺʣˁʶ˃ʲ˅ʺˀʿ˄ʄɺʈʆʇʈʄɺʕˇʲʺʽʲʳʽʶʐɺʹ ˅˅ˁʐʅʅˈˈˈʄʵˀʹʄʸˀˇʄˁʹʅ˄ʺ˅ʶ˄ʅʵʶʷʲˆʽ˅ʅʷʺʽʶ˄ʅʚɺ
ʝʢʕʠʡʣʤʌʄʊʄʇʉʫʣʦʘʦʕʘʡʲˊʉʆʄˁʵʷɺɾʕʴʴʶ˄˄ʶʵɺˀʿɺʈʇɺʕˆʸˆ˄˅ɺʈʆʇʋɿʄɺ
ʌʉɺ ʘʺʳʺʲʂɺ ʝʢʂɺ ʧˆʾʺʲ˃˅ˀʂɺ ʖʂɺ ʧˆ˄ʶ˅ˊʲʂɺ ʜ , %ɺ ʤʹˊʽˀʸʶˀʸ˃ʲˁʹˊɺ ˀʷɺ ˅ʹʶɺ ʴˆ˃˃ʶʿ˅ɺ ʦʲʳʺʶ˄ɺ
ˇʺ˃ˆ˄ʶ˄ɺʺʿɺʝʿʵˀʿʶ˄ʺʲʄɺ,"ɺʈʆʇʋʄɺ
ʌʊɺ ʛˀʿʸʂɺʫʂɺʞʺʲʿʸʂɺʭʂɺʮʲʂɺʭ,%ɺʨʶʾˁˀ˃ʲʽɺʲʿʵɺ˄ˁʲ˅ʺʲʽɺʵˊʿʲʾʺʴ˄ɺˀʷɺ˃ʲʳʺʶ˄ɺˇʺ˃ˆ˄ʶ˄ɺʺʿɺ
ʗʹʺʿʲɺʲʿʵɺʧˀˆ˅ʹʶʲ˄˅ɺʕ˄ʺʲʄɺ"*-++ɺʈʆʇʆʑɺʇʋʆʂɺʇʇʇʃʇʇʎʄɺ
ɺ ɺ
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ʇʆʄɺ ɺ
ɺ
ɺ
ɺ
ɺ
ɺ
ʇʐ̖͖̀͑̿CǲĜɺ ɺ
̖͖̀͑̿˺˛ˢ̎ʉ˳˼ǜÇ̬͖͒͜ȕÇ˒̦͍̾ȕÇ˒̵͈͖̮̜ȕÇ͝n˿ĥ͜ɸǕ͙͝
É͜źǫǕ͙͝ËʅƔ͜Ǯ˘źǫǉǕ̒͝ƪ˪˓ɺ
ɺ ɺ
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ɺ
ɺ
ɺ
ɺ
ʈʐɺ ĮǿɅ!²˺̋̎ƆƄƛƍƟ!ęɔȺ¯˼ĐǇ͙Ȋ,ĥťɺ
̤̩̳ʅ̡̤͖̮̭͖̩Ñɦ¢Ĕ˒͇͖̱̱̩̳͒˺̋̎ȥɢǲKɓƣɔȁĽn˿˒ʕʝ̱̩̳˺
̡̩̭͚̋̎͐ɓɔȺ×ȁĽ˼üɩ̒ƪ˪˓ɺ
ɺ ɺ
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ɺ
ɺ
ɺ
ɺ
ʉ̬͖͒͡ȕÇ˺˛ˢ̎ƆƄƛ̙̗̩͒Ʌ!¯Ǆǎɔ.n˿ƶɓIÌɺ
ʕ̬͖͒͝ȕÇ˺˛˘˵â̌̏˯ƆƄƛ̙̗̩͒͜ʿɺʒɺʉʆʈ͝˼Ʌ!¯ǄǎŒ̒ƪ˪˓̬͖͒Ç
£˼Ç˶â̌̏˯ŋ&̒Ʀgn˿ȡǫ˶ƪ˨˒â̌̏˯Çz̒ȅȬ˨˵˘̎˓â̌̏˯
̙̗̩͒˼̃̄A˵˝̬͖͒IÅǜ˺Iɰ˦̏̎˝˒̴̛̜͖̭͙͈͖͔͑͒Én˿̼͕͖͐
É˺˵â̌̏˯̙̗̩͒˽˭̏ˮ̏Ƙ˹̎IÅǜ˺$Ǜ˨˵˘˯˓	˼Ȁ˽͔͖͔͖́
Ḙ̩́́͐Ç˺˵â̌̏˯ŋ&̒}̴̡̦͓͚̇́ǜ͜ʿɺʒɺʉʏ̒͝ƪ˪˓ʖ͝â̌̏˯ƆƄƛ̙
̗̩͒ŋ&˼ƶɓIÌ̒ƪ˪˓●˽PȲ˼̴̡̦͓͚́˺}̅̏̎ŋ&̒˒○˽˭˼˼ŋ
&̒ƪ˨˵˘̎˓̴̡̦͓͚́ǜ˺}̅̏̎ŋ&˽͔͖͔͖́É˼˒˭̏ˮ̝͖̏́͐É͙
̼͖̼͖̞Ȩ̵͙̼͖̞͖́É˺˵â̌̏˯˓ɺ
ɺ ɺ
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ɺ
ɺ
ɺ
ʊ̭̩́͐͡Ç˺˛ˢ̎XƂƆƄƛ̦͚̗͖̩̲͚̭̓͐ɺ
ʕ͔͖͔͖́͝Én˿̭̩́͐Ç˼̒ƪ˪˓ƆƄƛɜí)˽˒˺ƪ˪̜̲̖̜͖̞͖
n˿̡͔͚˺˵ŋH˦̏˯˓ʖ̭̩́͐͝Ç˺˛ˢ̎ȽlʇʆÒɓ˼XƂƆƄƛ̦͚̗͖̓͐
̩ǍĿ̒ƪ˪˓ɺ
ɺ ɺ
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ɺ
ɺ
ɺ
ɺ
ʋ̭̩́͐͡Ç˺˛ˢ̎Çɓ!ę)˼I¯ĭȃ͙Ǆǎƍ²ƟȁĽɺ
ʕ̴̡̦͓͚́͝ǜ˼I¯ĭȃȁĽǍĿ͜ĭɓȩ˞ǄǎŒ̒͝ƪ˪˓wĲȱCȷƬ=
͜ʡˀ˄˅ɺ˃ʶʴʶʿ˅ɺʴˀʾʾˀʿɺʲʿʴʶ˄˅ˀ˃ʂɺʡʦʗʕ͝˼àƩƊ̒w̴̹͚˺ƪ˪˓̭̩́͐Ç˺˵â
̌̏˯ŋ&̒ȡǫ˶ƪ˨˵˘̎˓ʖ̸̝͚͒͝»×Ē¶˺˵â˯͔͖͔͖́Éˍ̝͖́͐É˺
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KYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(&/ (&&/%+%'' 8 ?GSMGXNSGS ?T_TWWZHNT ;Z_TS =TJGYG 01+,)/.( b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#('& (&&/%+%(+ 8 ?GSMGXNSGS DWJGSKYG ;Z_TS 3TM 01+,)/.) b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(') (&&/%,%'& 8 ?GSMGXNSGS 1NSRGQK^ ;Z_TS 3TM 01+,)/.* b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#('* (&&/%,%'+ 8 ?GSMGXNSGS 1GSN ;Z_TS 3TM 01+,)/.+ b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#('+ (&&/%,%'- 8 ?GSMGXNSGS <GSGTGM ;Z_TS 3TM 01+,)/., b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(', (&&/%,%(/ 8 ;GDSNTS 0WNSMG^ ;Z_TS 3TM 01+,)/.- b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#('. (&&/%-%') 8 ;GDSNTS BGS5KWSGSJT ;Z_TS 3TM 01+,)/.. b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#('/ (&&/%-%(& 8 ?GSMGXNSGS DWHN_YTSJT ;Z_TS 3TM 01+,)/./ b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#((& (&&/%-%(( 8 ?GSMGXNSGS BGS2GWQTX2NY^ ;Z_TS 3TM 01+,)//& b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#((' (&&/%-%() 8 ?GSMGXNSGS BGS2GWQTX2NY^ ;Z_TS 3TM 01+,)//' b BGNYTKYGQ$"(&')
AE%20A$?7;%(&&/%CAG#((( (&&/%.%') 20A <TZSYGNS?WT[NSIK 1KXGT ;Z_TS 3TM 01+,)//( b BGNYTKYGQ$"(&')
AE%20A$?7;%(&&/%CAG#((* (&&/%.%(,! 20A 8LZMGT 1GSGZK ;Z_TS 3TM 01+,)//) b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#((+ (&&/%+%'. E 0QHG^ 3GWGMG;TIXNS ;Z_TS 3TM 01+,)//* b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#((, (&&/%+%(+ E 0QHG^ 3GWGMG;TIXNS ;Z_TS 3TM 01+,)//+ b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#((- (&&/%,%(( E 0QHG^ CGHGIT2NY^ ;Z_TS 3TM 01+,)//, b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#((/ (&&/%-%(* E 2GYGSJZGSKX ENWGI 2GYGSJZGSKX 3TM 01+,)//- b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#()' (&&/%.%'- E 2GRGWNSKX=TWYK ENS_TSX ;Z_TS 3TM 01+,)//. b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#()) (&&/%/%', 8 <TZSYGNS?WT[NSIK 1TSYTI ;Z_TS 3TM 01+,)/// b BGNYTKYGQ$"(&')
AE%20A$?7;%(&&/%CAG#()* (&&/%/%'- 20A <TZSYGNS?WT[NSIK 1TSYTI ;Z_TS =TJGYG 01+,*&&& b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(+, (&&/%.%) 8 ?GSMGXNSGS BGS<GSZKQ ;Z_TS 3TM 01-))/,* b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(+- (&&/%.%'' 8 ?GSMGXNSGS 1GSN ;Z_TS 3TM 01-))/,+ b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(+. (&&/%.%'. 8 ?GSMGXNSGS 0MST ;Z_TS 3TM 01-))/,, b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(+/ (&&/%.%'* 8 ?GSMGXNSGS BGS2GWQTX2NY^ ;Z_TS 3TM 01-))/,- b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(,& (&&/%.%'- 8 ?GSMGXNSGS 0QIGQG ;Z_TS 3TM 01-))/,. b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(,) (&&/%'&%'* 8 ?GSMGXNSGS 3GMZUGS2NY^ ;Z_TS 3TM 01-))/,/ b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(,+ (&&/%'&%(' 8 8QTITXBZW CGMZJNS ;Z_TS 3TM 01-))/-& b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#(,. (&&/%'&%(& E BTWXTMTS 6ZHGY ;Z_TS 3TM 01-))/-- b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#(-( (&&/%''%'. E 0QHG^ 3GWGMG;TIXNS ;Z_TS 3TM 01-))/-. b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#(-) (&&/%''%(, E 0QHG^ ;KMGXUN2NY^ ;Z_TS 3TM 01-))/-/ b BGNYTKYGQ$"(&')
AE%A($?7;%(&&/%CAG#(-/ (&&/%-%) 88 8XGHKQG BGS<GYKT ;Z_TS 3TM 01-))/-* b BGNYTKYGQ$"(&')
AE%A($?7;%(&&/%CAG#(.) (&&/%''%(+ 88 8XGHKQG BGSYNGMT2NY^ ;Z_TS 3TM 01-))/-+ b BGNYTKYGQ$"(&')
AE%A($?7;%(&&/%CAG#(.* (&&/%''%(+ 88 8XGHKQG BGS0MZXYNS ;Z_TS 3TM `01-))/-, b BGNYTKYGQ$"(&')
AE%20A$?7;%(&&/%CAG#(.+ (&&/%'&%(* 20A <TZSYGNS?WT[NSIK 1TSYTI ;Z_TS 3TM 01-))/,' b BGNYTKYGQ$"(&')
AE%A'$?7;%(&'&%CAG#(., (&'&%'%* 8 8QTITXBZW BZ^T ;Z_TS 3TM `01-))/-' b BGNYTKYGQ$"(&')
AE%20A$?7;%(&'&%CAG#(./ (&'&%'%(+ 20A 8LZMGT 0QLTSXT ;Z_TS 3TM 01-))/,( b BGNYTKYGQ$"(&')
AE%A'$?7;%(&'&%CAG#(// (&'&%'%'' 8 ?GSMGXNSGS BGS2GWQTX2NY^ ;Z_TS 3TM 01-))/-( ;2&'.+/( BGNYTKYGQ$"(&')c
AE%A'$?7;%(&'&%CAG#)&& (&'&%(%'+ 8 ?GSMGXNSGS 0QIGQG ;Z_TS 3TM 01-))/-) b BGNYTKYGQ$"(&')
AE%A)$?7;%(&'(%CAG#)&( (&'(%(%', 888 CGWQGI 2GUGX ;Z_TS 3TM ;2&'.*.( b 
AE%A)$?7;%(&'(%CAG#)&) (&'(%*%() 888 1ZQGIGS 7GMTST^ ;Z_TS 3TM ;2&'.*.) b 
AE%A)$?7;%(&'(%CAG#)&+ (&'(%*%(+ 888 ?GRUGSMG 2GSJGHG ;Z_TS 3TM ;2&'.*.* b 
AE%A)$?7;%(&'(%CAG#)&, (&'(%+%'+ 888 =ZK[G4INOG 6ZNRHG ;Z_TS 3TM ;2&'.*.+ b 
AE%A)$?7;%(&'(%CAG#)&- (&'(%+%(( 888 CGWQGI 1GRHGS ;Z_TS 3TM ;2&'.*., b 
AE%A)$?7;%(&'(%CAG#)&. (&'(%,%- 888 1ZQGIGS BGSYG<GWNG ;Z_TS 3TM ;2&'.*.- ;2&'.+/) 
AE%A)$?7;%(&'(%CAG#)&/ (&'(%-%/ 888 CGWQGI 2GUGX ;Z_TS 3TM ;2&'.*.. b 
AE%A)$?7;%(&'(%CAG#)'& (&'(%-%(, 888 1ZQGIGS BGSYG<GWNG ;Z_TS 3TM ;2&'.*./ ;2&'.+/* 
AE%A)$?7;%(&'(%CAG#)'' (&'(%-%(, 888 1ZQGIGS ?GTRHTSM ;Z_TS 3TM ;2&'.*/& ;2&'.+/+ 
AE%A)$?7;%(&'(%CAG#)'( (&'(%-%)& 888 =ZK[G4INOG FGWGMTXG ;Z_TS 3TM ;2&'.*/' b 
AE%A)$?7;%(&'(%CAG#)') (&'(%/%'. 888 1ZQGIGS 7GMTST^ ;Z_TS 3TM ;2&'.*/( ;2&'.+/, 
AE%A)$?7;%(&'(%CAG#)'* (&'(%/%'/ 888 CGWQGI 2TSIKUINTS ;Z_TS 3TM ;2&'.*/) b 
AE%A)$?7;%(&'(%CAG#)'+ (&'(%'(%', 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.*/* ;2&'.+/- 
AE%A)$?7;%(&'(%CAG#)'- (&'(%'(%'* 888 1ZQGIGS <K^IGZG^GS ;Z_TS 3TM ;2&'.*/+ ;2&'.+/. 
AE%A)$?7;%(&'(%CAG#)'. (&'(%'(%(. 888 1ZQGIGS <GWNQGT ;Z_TS 3TM ;2&'.*/, ;2&'.+// 
AE%A'$?7;%(&'(%CAG#)(& (&'(%'%, 8 ?GSMGXNSGS 1TQNSGT ;Z_TS 3TM ;2&'.*/- b 
AE%A'$?7;%(&'(%CAG#)() (&'(%(%'- 8 ?GSMGXNSGS 0QGRNSTX ;Z_TS 3TM ;2&'.*/. b 
AE%A'$?7;%(&'(%CAG#)(* (&'(%)%'' 8 ?GSMGXNSGS 1TQNSGT ;Z_TS 3TM ;2&'.*// b 
AE%A'$?7;%(&'(%CAG#)(+ (&'(%)%'( 8 ?GSMGXNSGS 0QGRNSTX ;Z_TS 3TM ;2&'.+&& b 
AE%A'$?7;%(&'(%CAG#)(- (&'(%*%'& 8 ?GSMGXNSGS <GSMGYGWKR ;Z_TS =TJGYG ;2&'.+&' b 
AE%A+$?7;%(&'(%CAG#))- (&'(%.%- E 2GRGWNSKXBZW =GMG2NY^ ;Z_TS 3TM ;2&'.+&( b 
AE%A+$?7;%(&'(%CAG#)). (&'(%.%/ E 2GYGSJZGSKX ?GSMGSNHGS 2GYGSJZGSKX 3TM ;2&'.+&) b 
AE%A+$?7;%(&'(%CAG#))/ (&'(%.%') E 0QHG^ >GX ;Z_TS 3TM ;2&'.+&* b 
AE%A+$?7;%(&'(%CAG#)*& (&'(%.%'+ E 2GRGWNSKX=TWYK 3GKY ;Z_TS 3TM ;2&'.+&+ b 
AE%A+$?7;%(&'(%CAG#)*) (&'(%''%, E 2GRGWNSKX=TWYK ;GHT ;Z_TS 3TM ;2&'.+&, b 
AE%A+$?7;%(&'(%CAG#)** (&'(%'(%+ E 2GRGWNSKXBZW =GMG2NY^ ;Z_TS 3TM ;2&'.+&- b 
AE%A)$?7;%(&')%CAG#)*, (&')%'%', 888 ?GRUGSMG BGSBNRTS ;Z_TS 3TM ;2&'.+&. ;2&'.,&& 
AE%A)$?7;%(&')%CAG#)*- (&')%'%() 888 =ZK[G4INOG ;NIGH ;Z_TS =TJGYG ;2&'.+&/ b 
AE%A)$?7;%(&')%CAG#)*. (&')%'%() 888 =ZK[G4INOG BGS0SYTSNT ;Z_TS 3TM ;2&'.+'& b 
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AE%A)$?7;%(&')%CAG#)*/ (&')%'%() 888 =ZK[G4INOG BGS0SYTSNT ;Z_TS 3TM ;2&'.+'' b 
AE%A)$?7;%(&')%CAG#)+& (&')%(%+ 888 1ZQGIGS <GQTQTX ;Z_TS 3TM ;2&'.+'( ;2&'.,&' 
AE%A)$?7;%(&')%CAG#)+' (&')%(%+ 888 1ZQGIGS ?GSJN ;Z_TS =TJGYG ;2&'.+') ;2&'.,&( 
AE%A)$?7;%(&')%CAG#)+( (&')%(%+ 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.+'* ;2&'.,&) 
AE%A)$?7;%(&')%CAG#)+) (&')%(%+ 888 1ZQGIGS <GQTQTX ;Z_TS 3TM ;2&'.+'+ ;2&'.,&* 
AE%A)$?7;%(&')%CAG#)+* (&')%(%+ 888 1ZQGIGS 1GQNZGM ;Z_TS 3TM ;2&'.+', ;2&'.,&+ 
AE%A+$?7;%(&'(%CAG#)++ (&'(%,%'' E 0QHG^ CN\N ;Z_TS 3TM ;2&'.+'- b 
AE%A+$?7;%(&'(%CAG#)+, (&'(%,%') E 0QHG^ CGHGIT ;Z_TS 3TM ;2&'.+'. b 
AE%A+$?7;%(&'(%CAG#)+- (&'(%,%'* E BTWXTMTS 2GXYNQQG ;Z_TS 3TM ;2&'.+'/ b 
AE%A+$?7;%(&'(%CAG#)+. (&'(%,%'* E 2GRGWNSKX=TWYK ;GHT ;Z_TS 3TM ;2&'.+(& b 
AE%A+$?7;%(&'(%CAG#),& (&'(%,%'. E 0QHG^ ;KMGXUN2NY^ ;Z_TS 3TM ;2&'.+(' b 
AE%A+$?7;%(&'(%CAG#),( (&'(%-%'/ E 0QHG^ >GX ;Z_TS 3TM ;2&'.+(( b 
AE%A+$?7;%(&')%CAG#),* (&')%'%'+ E 0QHG^ 2GRGQNM ;Z_TS 3TM ;2&'.+() b 
AE%A+$?7;%(&')%CAG#),+ (&')%(%* E 0QHG^ CGHGIT ;Z_TS 3TM ;2&'.+(* b 
AE%20A$?7;%(&')%CAG#)-& (&')%(%(+ 20A :GQNSMG0UG^GT CGHZP ;Z_TS 3TM ;2&'.+(+ b 
AE%A'$?7;%(&'(%CAG#)-+ (&'(%+%. 8 ?GSMGXNSGS BGS2GWQTX2NY^ ;Z_TS 3TM ;2&'.+(, b 
AE%A'$?7;%(&'(%CAG#)-, (&'(%+%. 8 ?GSMGXNSGS 0QIGQG ;Z_TS 3TM ;2&'.+(- b 
AE%A'$?7;%(&'(%CAG#)-- (&'(%+%'+ 8 ?GSMGXNSGS BGSYG1GWGHGWG ;Z_TS 3TM ;2&'.+(. b 
AE%A'$?7;%(&'(%CAG#)-. (&'(%+%(/ 8 ?GSMGXNSGS BGSYG1GWGHGWG ;Z_TS 3TM ;2&'.+(/ b 
AE%A'$?7;%(&'(%CAG#)-/ (&'(%,%- 8 ?GSMGXNSGS BGS9GINSYT ;Z_TS 3TM ;2&'.+)& b 
AE%A'$?7;%(&'(%CAG#).' (&'(%,%') 8 ?GSMGXNSGS <GSGTGM ;Z_TS 3TM ;2&'.+)' b 
AE%A'$?7;%(&'(%CAG#).( (&'(%''%+ 8 ;GDSNTS 0WNSMG^ ;Z_TS 3TM ;2&'.+)( b 
AE%A'$?7;%(&'(%CAG#).) (&'(%''%'* 8 ?GSMGXNSGS BZGQ ;Z_TS 3TM ;2&'.+)) b 
AE%A'$?7;%(&'(%CAG#).* (&'(%'(%'/ 8 ?GSMGXNSGS BGS9GINSYT ;Z_TS 3TM ;2&'.+)* b 
AE%A*1$?7;%(&''%CAG#)/( (&''%+%)' 8E#1 ATRHQTS >JNTSMGS CGHQGX 3TM ;2&'.+)+ ;2&'.,&, 
AE%A*0$?7;%(&''%CAG#)/) (&''%-%(- 8E#0 ;GMZSG 2GQGRHG ;Z_TS 3TM ;2&'.+), b 
AE%A*1$?7;%(&''%CAG#)/* (&''%.%- 8E#1 ATRHQTS ;TTI CGHQGX 3TM ;2&'.+)- ;2&'.,&- 
AE%A*1$?7;%(&''%CAG#)/, (&''%'&%(. 8E#1 ATRHQTS ;TTI CGHQGX 3TM ;2&'.+). ;2&'.,&. 
AE%A*1$?7;%(&'(%CAG#)/- (&'(%(%- 8E#1 ATRHQTS >JNTSMGS CGHQGX 3TM ;2&'.+)/ ;2&'.,&/ 
AE%A*0$?7;%(&'(%CAG#)/. (&'(%+%'' 8E#0 @ZK_TS ;ZIKSG2NY^ ;Z_TS 3TM ;2&'.+*& b 
AE%A*1$?7;%(&'(%CAG#*&& (&'(%,%'/ 8E#1 ATRHQTS >JNTSMGS CGHQGX 3TM ;2&'.+*' ;2&'.,'& 
AE%A*0$?7;%(&'(%CAG#*&' (&'(%,%(( 8E#0 1GYGSMGX BGS=NITQGX ;Z_TS 3TM ;2&'.+*( b 
AE%A*1$?7;%(&'(%CAG#*&( (&'(%-%'. 8E#1 ATRHQTS >JNTSMGS CGHQGX 3TM ;2&'.+*) ;2&'.,'' 
AE%A*0$?7;%(&'(%CAG#*&* (&'(%.%)' 8E#0 1GYGSMGX CGSGZGS ;Z_TS 3TM ;2&'.+** b 
AE%20A$?7;%(&')%CAG#*&+ (&')%*%(, 20A 8LZMGT ;GRZY ;Z_TS 3TM ;2&'.+*+ b 
AE%A'$?7;%(&')%CAG#*&, (&')%*%'* 8 8QTITXXZW BGSYG2WZ_ ;Z_TS 3TM ;2&'.+*, b 
AE%20A$?7;%(&')%CAG#*&- (&')%*%+ 20A 8LZMGT ;GRZY ;Z_TS 3TM ;2&'.+*- b 
AE%20A$?7;%(&')%CAG#*&/ (&')%(%'. 20A 1KSMZKY ;GCWNSNJGJ ;Z_TS 3TM ;2&'.+*. b 
AE%A+$?7;%(&')%CAG#*(' (&')%'%'+ E 0QHG^ 2GRGQNM ;Z_TS 3TM ;2&'.+*/ b 
AE%A+$?7;%(&')%CAG#*(( (&')%(%* E 0QHG^ CGHGIT ;Z_TS 3TM ;2&'.++& b 
AE%A+$?7;%(&')%CAG#*(+ (&')%)%'+ E 2GRGWNSKXBZW =GMG2NY^ ;Z_TS 3TM ;2&'.++' b 
AE%A+$?7;%(&')%CAG#*(, (&')%)%'. E 2GRGWNSKXBZW 1GYT ;Z_TS 3TM ;2&'.++( b 
AE%A+$?7;%(&')%CAG#*(- (&')%*%'+ E 0QHG^ 9T[KQQGW ;Z_TS 3TM ;2&'.++) b 
AE%A+$?7;%(&')%CAG#*(/ (&')%*%(* E 0QHG^ 3GWGMG ;Z_TS 3TM ;2&'.++* b 
AE%A($?7;%(&')%CAG#*)+ (&')%+%( 88 2GMG^GS ?NGY ;Z_TS 3TM ;2&'.+++ b 
AE%A($?7;%(&')%CAG#*)- (&')%+%'+ 88 =ZK[GEN_IG^G 1G^TRHTSM ;Z_TS 3TM ;2&'.++, b 
AE%A($?7;%(&')%CAG#*)/ (&')%+%'- 88 2GMG^GS ;GXGR ;Z_TS 3TM ;2&'.++- b 
AE%A)$?7;%(&')%CAG#**' (&')%(%'. 888 ?GRUGSMG <GIGHKHK ;Z_TS 3TM ;2&'.++. ;2&'.,'( 
AE%A)$?7;%(&')%CAG#**( (&')%(%(' 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.++/ ;2&'.,') 
AE%A)$?7;%(&')%CAG#**) (&')%(%'. 888 1ZQGIGS ?GTRHTSM ;Z_TS 3TM ;2&'.+,& ;2&'.,'* 
AE%A)$?7;%(&')%CAG#*** (&')%(%'* 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.+,' ;2&'.,'+ 
AE%A)$?7;%(&')%CAG#**+ (&')%(%') 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 2GY ;2&'.+,( ;2&'.,', 
AE%A)$?7;%(&')%CAG#**, (&')%)%+ 888 CGWQGI 2TSIKUINTS ;Z_TS 3TM ;2&'.+,) b 
AE%A)$?7;%(&')%CAG#**- (&')%)%* 888 1ZQGIGS BGSYG<GWNG ;Z_TS 3TM ;2&'.+,* ;2&'.,'- 
AE%A)$?7;%(&')%CAG#**. (&')%)%'' 888 =ZK[G4INOG BGS0SYTSNT ;Z_TS 3TM ;2&'.+,+ b 
AE%A)$?7;%(&')%CAG#**/ (&')%)%'. 888 1ZQGIGS 6ZNMZNSYT ;Z_TS 3TM ;2&'.+,, ;2&'.,'. 
AE%A)$?7;%(&')%CAG#*+& (&')%)%'* 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.+,- ;2&'.,'/ 
AE%A)$?7;%(&')%CAG#*+' (&')%)%'. 888 1ZQGIGS BGSYG<GWNG ;Z_TS 3TM ;2&'.+,. ;2&'.,(& 
AE%A)$?7;%(&')%CAG#*+( (&')%)%'/ 888 1ZQGIGS <GQTQTX ;Z_TS 3TM ;2&'.+,/ ;2&'.,(' 
AE%A)$?7;%(&')%CAG#*+) (&')%*%'( 888 ?GRUGSMG 0WG^GY ;Z_TS 3TM ;2&'.+-& ;2&'.,(( 
AE%A)$?7;%(&')%CAG#*+* (&')%*%', 888 1ZQGIGS 1ZQGIGS ;Z_TS 3TM ;2&'.+-' ;2&'.,() 
AE%A)$?7;%(&')%CAG#*++ (&')%*%', 888 1ZQGIGS 7GMTST^ ;Z_TS 3TM ;2&'.+-( ;2&'.,(* 
AE%A)$?7;%(&')%CAG#*+, (&')%*%', 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.+-) ;2&'.,(+ 
AE%A)$?7;%(&')%CAG#*+- (&')%*%'. 888 ?GRUGSMG <GIGHKHK ;Z_TS 3TM ;2&'.+-* ;2&'.,(, 
AE%A)$?7;%(&')%CAG#*+. (&')%*%(+ 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM ;2&'.+-+ b 
AE%A)$?7;%(&')%CAG#*+/ (&')%*%(/ 888 ?GRUGSMG 2GSJGHG ;Z_TS =TJGYG ;2&'.+-, ;2&'.,(- 
AE%A)$?7;%(&')%CAG#*,& (&')%*%)& 888 =ZK[G4INOG BGS0SYTSNT ;Z_TS =TJGYG ;2&'.+-- b 
AE%A)$?7;%(&')%CAG#*,' (&')%+%( 888 ?GRUGSMG 2GSJGHG ;Z_TS 3TM ;2&'.+-. ;2&'.,(. 
AE%A)$?7;%(&')%CAG#*,( (&')%+%(& 888 =ZK[G4INOG BGS9TXK2NY^ ;Z_TS 3TM ;2&'.+-/ b 
AE%A)$?7;%(&')%CAG#*,) (&')%+%() 888 ?GRUGSMG 2GSJGHG ;Z_TS 3TM ;2&'.+.& ;2&'.,(/ 
AE%A)$?7;%(&')%CAG#*,* (&')%+%'- 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.+.' ;2&'.,)& 
AE%A)$?7;%(&')%CAG#*,+ (&')%,%+ 888 =ZK[G4INOG FGWGMTXG ;Z_TS 3TM ;2&'.+.( b 
AE%A)$?7;%(&')%CAG#*,, (&')%,%'- 888 =ZK[G4INOG CGQG[KWG ;Z_TS 3TM ;2&'.+.) b 
AE%A*0$?7;%(&')%CAG#*.+ (&')%(%(( 8E0 1GYGSMGX CGSGZGS ;Z_TS 3TM ;2&,./', b 
AE%A*1$?7;%(&')%CAG#*., (&')%+%'. 8E#1 ?GQG\GS ?ZKWYT?WNSIKXG2NY^ ?GQG\GS 3TM ;2&'.+.* b 
AE%A*1$?7;%(&')%CAG#*.- (&')%,%') 8E#1 ?GQG\GS ?ZKWYT?WNSIKXG2NY^ ?GQG\GS 3TM ;2&'.+.+ b 
AE%20A$?7;%(&')%CAG#+&& (&')%.%'* 20A <TZSYGNS?WT[NSIK ?GWGIKQNX ;Z_TS 3TM ;2&'.+., b 
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AE%A($?7;%(&')%CAG#+&) (&')%-%+ 88 =ZK[GEN_IG^G :GXNQHZ ;Z_TS 3TM ;2&'.+.- b 
AE%A($?7;%(&')%CAG#+&* (&')%-%)& 88 =ZK[GEN_IG^G 1GMGHGM ;Z_TS 3TM ;2&'.+.. b 
AE%A($?7;%(&')%CAG#+&+ (&')%.%. 88 8XGHKQG BGS<GYKT ;Z_TS 3TM ;2&'.+./ b 
AE%A($?7;%(&')%CAG#+&, (&')%/%'- 88 2GMG^GS ?KaGHQGSIG ;Z_TS 3TM ;2&'.+/& b 
AE%20A$?7;%(&')%CAG#+&- (&')%/%'/ 20A :GQNSMG0UG^GT CGHZP ;Z_TS 3TM ;2&'.+/' b 
AE%A)$?7;%(&')%CAG#+&/ (&')%/%(- 888 1ZQGIGS BYG$<GWNG ;Z_TS 3TM ;2&,./'- b 
AE%20A$?7;%(&')%CAG#+'& (&')%'&%' 20A 8LZMGT :NGSMGS ;Z_TS 3TM ;2&,./'. b 
AE%A)$?7;%(&')%CAG#+)) (&')%-%'. 888 ?GRUGSMG <NSGQNS ;Z_TS 3TM ;2&,./'/ b 
AE%A)$?7;%(&')%CAG#+)* (&')%-%'. 888 ?GRUGSMG 0WG^GY ;Z_TS 3TM ;2&,./(& b 
AE%A)$?7;%(&')%CAG#+)+ (&')%-%'. 888 1ZQGIGS ?GSJN ;Z_TS 3TM ;2&,./(' b 
AE%A)$?7;%(&')%CAG#+), (&')%-%'+ 888 1ZQGIGS 7GMTST^ ;Z_TS 3TM ;2&,./(( b 
AE%A)$?7;%(&')%CAG#+)- (&')%.%' 888 1ZQGIGS <K^IGZG^GS ;Z_TS 3TM ;2&,./() b 
AE%A)$?7;%(&')%CAG#+). (&')%-%(* 888 1ZQGIGS 7GMTST^ ;Z_TS 3TM ;2&,./(* b 
AE%A)$?7;%(&')%CAG#+*& (&')%.%(/ 888 ?GRUGSMG BGS;ZNX ;Z_TS 3TM ;2&,./(+ b 
AE%A)$?7;%(&')%CAG#+*' (&')%/%, 888 =ZK[G4INOG 9GKS ;Z_TS 3TM ;2&,./(, b 
AE%A)$?7;%(&')%CAG#+*( (&')%/%', 888 ?GRUGSMG <NSGQNS ;Z_TS 3TM ;2&,./(- b 
AE%A)$?7;%(&')%CAG#+*) (&')%'&%) 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM ;2&,./(. b 
AE%A)$?7;%(&')%CAG#+** (&')%'&%- 888 ?GRUGSMG <GIGHKHK ;Z_TS 2GY ;2&,./(/ b 
AE%A)$?7;%(&')%CAG#+*+ (&')%'&%'* 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM ;2&,./)& b 
AE%A)$?7;%(&')%CAG#+*- (&')%'&%. 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&,./)' b 
AE%A)$?7;%(&')%CAG#+*. (&')%'&%(' 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&,./)( b 
AE%A)$?7;%(&')%CAG#+*/ (&')%'&%(+ 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM ;2&,./)) b 
AE%A)$?7;%(&')%CAG#++& (&')%'&%(/ 888 ?GRUGSMG BGSBNRTS ;Z_TS 3TM ;2&,./)* b 
AE%A)$?7;%(&')%CAG#++' (&')%''%* 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS =0 ;2&,./)+ b 
AE%A)$?7;%(&')%CAG#++( (&')%''%* 888 ?GRUGSMG 2GSJGHG ;Z_TS 3TM ;2&,./), b 
AE%A)$?7;%(&')%CAG#++* (&')%''%(& 888 1ZQGIGS 7GMTST^ ;Z_TS 3TM ;2&,./)- b 
AE%A)$?7;%(&')%CAG#++, (&')%''%(& 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&,./). b 
AE%A)$?7;%(&')%CAG#++- (&')%''%(& 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&,./)/ b 
AE%A'$?7;%(&')%CAG#+,/ (&')%''%(' 8 8QTITXBZW BGSYG2WZ_ ;Z_TS 3TM ;2&,./*& b 
AE%20A$?7;%(&')%CAG#+-' (&')%''%(- 20A <TZSYGNS?WT[NSIK ?GWGIKQNX ;Z_TS 3TM ;2&,./*' b 
AE%A'$?7;%(&')%CAG#+-( (&')%''%(- 8 ;GDSNTS 1GSMGW ;Z_TS 3TM ;2&,./*( b 
AE%A'$?7;%(&')%CAG#+-) (&')%''%(/ 8 ;GDSNTS =GMZNQNGS ;Z_TS 3TM ;2&,./*) b 
AE%A)$?7;%(&')%CAG#+.' (&')%''%(' 888 CGWQGI 2GUGX ;Z_TS 3TM ;2&,./** b 
AE%A)$?7;%(&')%CAG#+.( (&')%'(%( 888 ?GRUGSMG <NSGQNS ;Z_TS 3TM ;2&,./*+ b 
AE%A)$?7;%(&')%CAG#+.) (&')%'(%( 888 ?GRUGSMG <GIGHKHK ;Z_TS 3TM ;2&,./*, b 
AE%A)$?7;%(&')%CAG#+.* (&')%'(%) 888 =ZK[G4INOG ?GSYGHGSMGS ;Z_TS 3TM ;2&,./*- b 
AE%A)$?7;%(&')%CAG#+., (&')%'(%/ 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM ;2&,./*. b 
AE%A)$?7;%(&')%CAG#+.- (&')%'(%() 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM ;2&,./*/ b 
AE%A)$?7;%(&')%CAG#+.. (&')%'(%(, 888 ?GRUGSMG <NSGQNS ;Z_TS 3TM ;2&,./+& b 
AE%A)$?7;%(&')%CAG#+./ (&')%'(%(- 888 ?GRUGSMG <GIGHKHK ;Z_TS 3TM ;2&,./+' b 
AE%A*0$?7;%(&&*%F&*#&*( (&&*%'%(( 8E#0 2G[NYK 3GXRGWNSGX ;Z_TS 3TM 01+,)-/' b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&*%F&*#*&' (&&*%-%+ 8E#0 AN_GQ CG^YG^ ;Z_TS 3TM 01+,)-/* b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&*%F&*#*-& (&&*%.%'( 8E#0 ;GMZSG BGSYGATXG ;Z_TS 3TM 01,.)+.- b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&*%F&*#*.& (&&*%.%(( 8E#0 ;GMZSG BGS?KJWT ;Z_TS 3TM 01+,)-/- b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&*%F&*#+'/ (&&*%/%'. 888 0ZWTWG 1GQKW ;Z_TS 3TM 01+,)-/. b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&*%F&*#+(( (&&*%/%/ =2A <KYWTUTQNYGS<GSNQG ?GWGaGVZK2NY^ ;Z_TS 3TM 01,.)+.* b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&*%F&*#,*, (&&*%'(%, =2A <KYWTUTQNYGS<GSNQG ?GWGaGVZK2NY^ ;Z_TS 3TM 01-))/,) b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#&&/ (&&+%'%- =2A <KYWTUTQNYGS<GSNQG @ZK_TS2NY^ ;Z_TS 3TM 01+,).&& b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#&/& (&&+%(%'+ =2A <KYWTUTQNYGS<GSNQG ?GXNM2NY^ ;Z_TS 3TM 01+,).&) b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#'*/ (&&+%)%', =2A <KYWTUTQNYGS<GSNQG ?GXG^2NY^ ;Z_TS 3TM 01+,).&+ b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#',. (&&+%)%(/ =2A <KYWTUTQNYGS<GSNQG CGMZNM2NY^ ;Z_TS 3TM 01+,).&, b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&+%F&+#'/. (&&+%*%') 888 =ZK[G4INOG ?GQG^GS ;Z_TS 3TM 01+,).&/ b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#)-) (&&+%-%'. =2A <KYWTUTQNYGS<GSNQG ?GWGaGVZK2NY^ ;Z_TS 3TM 01+,).'( b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#)/, (&&+%-%(. =2A <KYWTUTQNYGS<GSNQG ;GX?NaGX2NY^ ;Z_TS 3TM 01+,).') b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#*,+ (&&+%/%'- =2A <KYWTUTQNYGS<GSNQG ?GXNM2NY^ ;Z_TS 3TM 01+,).'+ b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#*,, (&&+%/%'/ =2A <KYWTUTQNYGS<GSNQG ?GWGaGVZK2NY^ ;Z_TS 3TM 01+,).', b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&+%F&+#+&- (&&+%'&%(- 888 1ZQGIGS =TW_GMGWG^ ;Z_TS 3TM 01+,).'- b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&,%F&,#',) (&&,%+%( 8E#0 ;GMZSG 2GQGRHG ;Z_TS 3TM 01+,).'/ b BGNYTKYGQ$"(&')
AE%A*1$?7;%(&&,%F&,#(&) (&&,%+%(* 8E#1 >WNKSYGQ<NSJTWT =TJGYG <NSJTWT 3TM 01+,).(' b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&,%F&,#((( (&&,%+%)' 8E#0 2G[NYK CWKIK<GWYKWKX2NY^ ;Z_TS 3TM 01+,).(( b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&,%F&,#()' (&&,%,%, 8E#0 2G[NYK 2G[NYK2NY^ ;Z_TS 3TM 01+,).() b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&,%F&,#)*( (&&,%/%' 8E#0 ;GMZSG BGSYGATXG ;Z_TS 3TM 01+,).(* b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&,%F&,#)*. (&&,%/%. 8E#0 2G[NYK 3GXRGWNSGX ;Z_TS 3TM 01+,).(, b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&,%F&,#)+- (&&,%/%'* 8E#0 1GYGSMGX 2GQGYGMGS ;Z_TS 3TM 01+,).(- b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&,%F&,#),' (&&,%/%'. 8E#0 ;GMZSG 2GQGRHG ;Z_TS 3TM 01+,).(. b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&,%F&,#),( (&&,%/%'. 8E#0 1GYGSMGX 2GQGYGMGS ;Z_TS 3TM 01+,).(/ b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&,%F&,#),+ (&&,%/%(& 8E#0 2G[NYK 6KS$CWNGX ;Z_TS 2GY 01+,).)& b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&-%F&-#'./ (&&-%,%'' 8E#0 2G[NYK 2G[NYK2NY^ ;Z_TS 3TM 01,.),(/ b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&-%F&-#(*) (&&-%-%(* 8E#0 2G[NYK 1GITTW ;Z_TS 3TM 01,.),)& b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&-%F&-#)'- (&&-%/%(. 8E#0 2G[NYK 1GITTW ;Z_TS 3TM 01+,).), b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&-%F&-#))& (&&-%'&%+ 8E#0 2G[NYK 1GITTW ;Z_TS 3TM 01+,).)- b BGNYTKYGQ$"(&')
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#################################################################################### 
<?xml version="1.0" standalone="yes"?> 
 
<!-- Generated by BEAUTi v1.8.0                                              --> 
<!--  by Alexei J. Drummond, Andrew Rambaut and Marc A. Suchard         --> 
<!--  Department of Computer Science, University of Auckland and        --> 
<!--  Institute of Evolutionary Biology, University of Edinburgh        --> 
<!--  David Geffen School of Medicine, University of California, Los Angeles--> 
<!--  http://beast.bio.ed.ac.uk/                                        --> 
 
<beast> 
 <!-- The list of taxa to be analysed (can also include dates/ages).          --> 
 <!-- ntax=39                                                                 --> 
 <taxa id="taxa"> 
  <taxon id="TRa-299_I_2010.033"> 
   <date value="2010.033" direction="forwards" units="years"/> 
   <attr name="prov"> 
    Pangasinan 
   </attr> 
  </taxon> 
  <!--    -->   
 </taxa> 
  
<!-- The sequence alignment (each sequence refers to a taxon above).         --> 
 <!-- ntax=39 nchar=2463                                                      --> 
 <alignment id="alignment" dataType="nucleotide"> 
  <sequence> 
   <taxon idref="TRa-299_I_2010.033"/> 
 AGCAAGATCTTCGTCAATCCAAGTGCAATCAGAGCCGGCTTGGCTGACCTTGAGATG... 
  <!--    -->   
 </alignment> 
  
<patterns id="CP1.patterns" from="1" every="3" strip="false"> 
  <alignment idref="alignment"/> 
 </patterns> 
 <patterns id="CP2.patterns" from="2" every="3" strip="false"> 
  <alignment idref="alignment"/> 
 </patterns> 
 <patterns id="CP3.patterns" from="3" every="3" strip="false"> 
  <alignment idref="alignment"/> 
 </patterns> 
  
<generalDataType id="prov.dataType"> 
  <state code="Bulacan"/> 
  <state code="Pampanga"/> 
  <state code="Pangasinan"/> 
  <state code="Romblon"/> 
 </generalDataType> 
 <attributePatterns id="prov.pattern" attribute="prov"> 
  <taxa idref="taxa"/> 
  <generalDataType idref="prov.dataType"/> 
 </attributePatterns> 
 <constantSize id="constant" units="years"> 
  <populationSize> 
   <parameter id="constant.popSize" value="34.0" lower="0.0"/> 
  </populationSize> 
 </constantSize> 
 <coalescentSimulator id="startingTree"> 
  <taxa idref="taxa"/> 
  <constantSize idref="constant"/> 
 </coalescentSimulator> 
 <treeModel id="treeModel"> 
  <coalescentTree idref="startingTree"/> 
  <rootHeight> 
   <parameter id="treeModel.rootHeight"/> 
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  </rootHeight> 
  <nodeHeights internalNodes="true"> 
   <parameter id="treeModel.internalNodeHeights"/> 
  </nodeHeights> 
  <nodeHeights internalNodes="true" rootNode="true"> 
   <parameter id="treeModel.allInternalNodeHeights"/> 
  </nodeHeights> 
 </treeModel> 
 <coalescentLikelihood id="coalescent"> 
  <model> 
   <constantSize idref="constant"/> 
  </model> 
  <populationTree> 
   <treeModel idref="treeModel"/> 
  </populationTree> 
 </coalescentLikelihood> 
 
 <strictClockBranchRates id="RABV_PG2463nt_2nd_Rom_n39_detailed.branchRates"> 
  <rate> 
   <parameter id="RABV_PG2463nt_2nd_Rom_n39_detailed.clock.rate"  
   value="4.0E-4" lower="0.0"/> 
  </rate> 
 </strictClockBranchRates> 
 <strictClockBranchRates id="prov.branchRates"> 
  <rate> 
   <parameter id="prov.clock.rate" value="1.0" lower="0.0"/> 
  </rate> 
 </strictClockBranchRates> 
 
 <TN93Model id="CP1.tn93"> 
  <frequencies> 
   <frequencyModel dataType="nucleotide"> 
    <frequencies> 
     <parameter id="CP1.frequencies" 
 value="0.25 0.25 0.25 0.25"/> 
    </frequencies> 
   </frequencyModel> 
  </frequencies> 
  <kappa1> 
   <parameter id="CP1.kappa1" value="2.0" lower="0.0"/> 
  </kappa1> 
  <kappa2> 
   <parameter id="CP1.kappa2" value="2.0" lower="0.0"/> 
  </kappa2> 
 </TN93Model> 
 <TN93Model id="CP2.tn93"> 
  <frequencies> 
   <frequencyModel dataType="nucleotide"> 
    <frequencies> 
     <parameter id="CP2.frequencies"  
value="0.25 0.25 0.25 0.25"/> 
    </frequencies> 
   </frequencyModel> 
  </frequencies> 
  <kappa1> 
   <parameter id="CP2.kappa1" value="2.0" lower="0.0"/> 
  </kappa1> 
  <kappa2> 
   <parameter id="CP2.kappa2" value="2.0" lower="0.0"/> 
  </kappa2> 
 </TN93Model> 
 <TN93Model id="CP3.tn93"> 
  <frequencies> 
   <frequencyModel dataType="nucleotide"> 
    <frequencies> 
     <parameter id="CP3.frequencies"  
value="0.25 0.25 0.25 0.25"/> 
    </frequencies> 
   </frequencyModel> 
  </frequencies> 
  <kappa1> 
   <parameter id="CP3.kappa1" value="2.0" lower="0.0"/> 
  </kappa1> 
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  <kappa2> 
   <parameter id="CP3.kappa2" value="2.0" lower="0.0"/> 
  </kappa2> 
 </TN93Model> 
 <siteModel id="CP1.siteModel"> 
  <substitutionModel> 
   <TN93Model idref="CP1.tn93"/> 
  </substitutionModel> 
  <relativeRate> 
   <parameter id="CP1.mu" value="1.0" lower="0.0"/> 
  </relativeRate> 
  <gammaShape gammaCategories="4"> 
   <parameter id="CP1.alpha" value="0.5" lower="0.0"/> 
  </gammaShape> 
 </siteModel> 
 <siteModel id="CP2.siteModel"> 
  <substitutionModel> 
   <TN93Model idref="CP2.tn93"/> 
  </substitutionModel> 
  <relativeRate> 
   <parameter id="CP2.mu" value="1.0" lower="0.0"/> 
  </relativeRate> 
  <gammaShape gammaCategories="4"> 
   <parameter id="CP2.alpha" value="0.5" lower="0.0"/> 
  </gammaShape> 
 </siteModel> 
 <siteModel id="CP3.siteModel"> 
  <substitutionModel> 
   <TN93Model idref="CP3.tn93"/> 
  </substitutionModel> 
  <relativeRate> 
   <parameter id="CP3.mu" value="1.0" lower="0.0"/> 
  </relativeRate> 
  <gammaShape gammaCategories="4"> 
   <parameter id="CP3.alpha" value="0.5" lower="0.0"/> 
  </gammaShape> 
 </siteModel> 
 <compoundParameter id="allMus"> 
  <parameter idref="CP1.mu"/> 
  <parameter idref="CP2.mu"/> 
  <parameter idref="CP3.mu"/> 
 </compoundParameter> 
 
 <treeLikelihood id="CP1.treeLikelihood" useAmbiguities="false"> 
  <patterns idref="CP1.patterns"/> 
  <treeModel idref="treeModel"/> 
  <siteModel idref="CP1.siteModel"/> 
  <strictClockBranchRates 
   idref="RABV_PG2463nt_2nd_Rom_n39_detailed.branchRates"/> 
 </treeLikelihood> 
 <treeLikelihood id="CP2.treeLikelihood" useAmbiguities="false"> 
  <patterns idref="CP2.patterns"/> 
  <treeModel idref="treeModel"/> 
  <siteModel idref="CP2.siteModel"/> 
  <strictClockBranchRates  
  idref="RABV_PG2463nt_2nd_Rom_n39_detailed.branchRates"/> 
 </treeLikelihood> 
 <treeLikelihood id="CP3.treeLikelihood" useAmbiguities="false"> 
  <patterns idref="CP3.patterns"/> 
  <treeModel idref="treeModel"/> 
  <siteModel idref="CP3.siteModel"/> 
  <strictClockBranchRates  
  idref="RABV_PG2463nt_2nd_Rom_n39_detailed.branchRates"/> 
 </treeLikelihood> 
 
 <generalSubstitutionModel id="prov.model"> 
  <generalDataType idref="prov.dataType"/> 
  <frequencies> 
   <frequencyModel id="prov.frequencyModel" normalize="true"> 
    <generalDataType idref="prov.dataType"/> 
    <frequencies> 
     <parameter id="prov.frequencies" dimension="4"/> 
    </frequencies> 
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   </frequencyModel> 
  </frequencies> 
  <rates> 
   <parameter id="prov.rates" dimension="6" value="1.0"/> 
  </rates> 
  <rateIndicator> 
   <parameter id="prov.indicators" dimension="6" value="1.0"/> 
  </rateIndicator> 
 </generalSubstitutionModel> 
 <sumStatistic id="prov.nonZeroRates" elementwise="true"> 
  <parameter idref="prov.indicators"/> 
 </sumStatistic> 
 <productStatistic id="prov.actualRates" elementwise="false"> 
  <parameter idref="prov.indicators"/> 
  <parameter idref="prov.rates"/> 
 </productStatistic> 
 <siteModel id="prov.siteModel"> 
  <substitutionModel> 
   <generalSubstitutionModel idref="prov.model"/> 
  </substitutionModel> 
 </siteModel> 
 
 <!-- Record the markov jump history --> 
 <markovJumpsTreeLikelihood id="prov.treeLikelihood" stateTagName="prov.states"  
 useUniformization="true" numberOfSimulants="1" saveCompleteHistory="true"> 
  <attributePatterns idref="prov.pattern"/> 
  <treeModel idref="treeModel"/> 
  <siteModel idref="prov.siteModel"/> 
  <generalSubstitutionModel idref="prov.model"/> 
  <strictClockBranchRates idref="prov.branchRates"/> 
  <!-- Count the number of migration b/w Romblon and Pampanga --> 
  <parameter id="count_Romb-Pamp" value=" 
   0 0 0 1 
   0 0 0 0 
   0 0 0 0 
   1 0 0 0 
   "/> 
 </markovJumpsTreeLikelihood> 
 
 <operators id="operators" optimizationSchedule="log"> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP1.kappa1"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP2.kappa1"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP3.kappa1"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP1.kappa2"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP2.kappa2"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP3.kappa2"/> 
  </scaleOperator> 
  <deltaExchange delta="0.01" weight="0.1"> 
   <parameter idref="CP1.frequencies"/> 
  </deltaExchange> 
  <deltaExchange delta="0.01" weight="0.1"> 
   <parameter idref="CP2.frequencies"/> 
  </deltaExchange> 
  <deltaExchange delta="0.01" weight="0.1"> 
   <parameter idref="CP3.frequencies"/> 
  </deltaExchange> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP1.alpha"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP2.alpha"/> 
  </scaleOperator> 
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  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP3.alpha"/> 
  </scaleOperator> 
  <deltaExchange delta="0.75" parameterWeights="821 821 821" weight="4"> 
   <parameter idref="allMus"/> 
  </deltaExchange> 
  <scaleOperator scaleFactor="0.75" weight="3"> 
   <parameter i 
dref="RABV_PG2463nt_2nd_Rom_n39_detailed.clock.rate"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="3"> 
   <parameter idref="prov.clock.rate"/> 
  </scaleOperator> 
  <subtreeSlide size="3.4" gaussian="true" weight="15"> 
   <treeModel idref="treeModel"/> 
  </subtreeSlide> 
  <narrowExchange weight="15"> 
   <treeModel idref="treeModel"/> 
  </narrowExchange> 
  <wideExchange weight="3"> 
   <treeModel idref="treeModel"/> 
  </wideExchange> 
  <wilsonBalding weight="3"> 
   <treeModel idref="treeModel"/> 
  </wilsonBalding> 
  <scaleOperator scaleFactor="0.75" weight="3"> 
   <parameter idref="treeModel.rootHeight"/> 
  </scaleOperator> 
  <uniformOperator weight="30"> 
   <parameter idref="treeModel.internalNodeHeights"/> 
  </uniformOperator> 
  <scaleOperator scaleFactor="0.75" weight="3"> 
   <parameter idref="constant.popSize"/> 
  </scaleOperator> 
  <upDownOperator scaleFactor="0.75" weight="3"> 
   <up> 
   <parameter  
idref="RABV_PG2463nt_2nd_Rom_n39_detailed.clock.rate"/> 
   </up> 
   <down> 
   <parameter idref="treeModel.allInternalNodeHeights"/> 
   </down> 
  </upDownOperator> 
  <upDownOperator scaleFactor="0.75" weight="3"> 
   <up> 
   <parameter idref="prov.clock.rate"/> 
   </up> 
   <down> 
   <parameter idref="treeModel.allInternalNodeHeights"/> 
   </down> 
  </upDownOperator> 
  <scaleOperator scaleFactor="0.75" weight="1" scaleAllIndependently="true"> 
   <parameter idref="prov.rates"/> 
  </scaleOperator> 
  <bitFlipOperator weight="1"> 
   <parameter idref="prov.indicators"/> 
  </bitFlipOperator> 
 </operators> 
 
 <mcmc id="mcmc" chainLength="20000000" autoOptimize="true"  
 operatorAnalysis="RABV_PG2463nt.ops.txt"> 
  <posterior id="posterior"> 
   <prior id="prior"> 
    <logNormalPrior mean="1.0" stdev="1.25" offset="0.0" 
     meanInRealSpace="false"> 
     <parameter idref="CP1.kappa1"/> 
    </logNormalPrior> 
    <logNormalPrior mean="1.0" stdev="1.25" offset="0.0" 
     meanInRealSpace="false"> 
     <parameter idref="CP2.kappa1"/> 
    </logNormalPrior> 
    <logNormalPrior mean="1.0" stdev="1.25" offset="0.0" 
     meanInRealSpace="false"> 
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     <parameter idref="CP3.kappa1"/> 
    </logNormalPrior> 
    <logNormalPrior mean="1.0" stdev="1.25" offset="0.0" 
     meanInRealSpace="false"> 
     <parameter idref="CP1.kappa2"/> 
    </logNormalPrior> 
    <logNormalPrior mean="1.0" stdev="1.25" offset="0.0" 
     meanInRealSpace="false"> 
     <parameter idref="CP2.kappa2"/> 
    </logNormalPrior> 
    <logNormalPrior mean="1.0" stdev="1.25" offset="0.0" 
     meanInRealSpace="false"> 
     <parameter idref="CP3.kappa2"/> 
    </logNormalPrior> 
    <gammaPrior shape="0.001" scale="2000.0" offset="0.0"> 
     <parameter idref="CP1.mu"/> 
    </gammaPrior> 
    <gammaPrior shape="0.001" scale="2000.0" offset="0.0"> 
     <parameter idref="CP2.mu"/> 
    </gammaPrior> 
    <gammaPrior shape="0.001" scale="2000.0" offset="0.0"> 
     <parameter idref="CP3.mu"/> 
    </gammaPrior> 
    <uniformPrior lower="0.0" upper="1.0"> 
     <parameter idref="CP1.frequencies"/> 
    </uniformPrior> 
    <uniformPrior lower="0.0" upper="1.0"> 
     <parameter idref="CP2.frequencies"/> 
    </uniformPrior> 
    <uniformPrior lower="0.0" upper="1.0"> 
     <parameter idref="CP3.frequencies"/> 
    </uniformPrior> 
    <exponentialPrior mean="0.5" offset="0.0"> 
     <parameter idref="CP1.alpha"/> 
    </exponentialPrior> 
    <exponentialPrior mean="0.5" offset="0.0"> 
     <parameter idref="CP2.alpha"/> 
    </exponentialPrior> 
    <exponentialPrior mean="0.5" offset="0.0"> 
     <parameter idref="CP3.alpha"/> 
    </exponentialPrior> 
    <gammaPrior shape="0.001" scale="2000.0" offset="0.0"> 
     <parameter  
          idref="RABV_PG2463nt_2nd_Rom_n39_detailed.clock.rate"/> 
    </gammaPrior> 
    <ctmcScalePrior> 
     <ctmcScale> 
      <parameter idref="prov.clock.rate"/> 
     </ctmcScale> 
     <treeModel idref="treeModel"/> 
    </ctmcScalePrior> 
    <oneOnXPrior> 
     <parameter idref="constant.popSize"/> 
    </oneOnXPrior> 
    <poissonPrior mean="0.6931471805599453" offset="3.0"> 
     <statistic idref="prov.nonZeroRates"/> 
    </poissonPrior> 
    <uniformPrior lower="0.0" upper="1.0"> 
     <parameter idref="prov.frequencies"/> 
    </uniformPrior> 
    <cachedPrior> 
     <gammaPrior shape="1.0" scale="1.0"  
     offset="0.0"> 
      <parameter idref="prov.rates"/> 
     </gammaPrior> 
     <parameter idref="prov.rates"/> 
    </cachedPrior> 
    <coalescentLikelihood idref="coalescent"/> 
    <generalSubstitutionModel idref="prov.model"/> 
   </prior> 
   <likelihood id="likelihood"> 
    <treeLikelihood idref="CP1.treeLikelihood"/> 
    <treeLikelihood idref="CP2.treeLikelihood"/> 
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    <treeLikelihood idref="CP3.treeLikelihood"/> 
    <markovJumpsTreeLikelihood idref="prov.treeLikelihood"/> 
   </likelihood> 
  </posterior> 
  <operators idref="operators"/> 
 
  <log id="screenLog" logEvery="2000"> 
   <column label="Posterior" dp="4" width="12"> 
    <posterior idref="posterior"/> 
   </column> 
   <column label="Prior" dp="4" width="12"> 
    <prior idref="prior"/> 
   </column> 
   <column label="Likelihood" dp="4" width="12"> 
    <likelihood idref="likelihood"/> 
   </column> 
  </log> 
  <log id="fileLog" logEvery="2000" fileName="RABV_PG2463nt.log.txt"> 
   <posterior idref="posterior"/> 
   <prior idref="prior"/> 
   <likelihood idref="likelihood"/> 
   <parameter idref="treeModel.rootHeight"/> 
   <parameter idref="constant.popSize"/> 
   <parameter idref="CP1.kappa1"/> 
   <parameter idref="CP1.kappa2"/> 
   <parameter idref="CP2.kappa1"/> 
   <parameter idref="CP2.kappa2"/> 
   <parameter idref="CP3.kappa1"/> 
   <parameter idref="CP3.kappa2"/> 
   <parameter idref="CP1.frequencies"/> 
   <parameter idref="CP2.frequencies"/> 
   <parameter idref="CP3.frequencies"/> 
   <parameter idref="CP1.alpha"/> 
   <parameter idref="CP2.alpha"/> 
   <parameter idref="CP3.alpha"/> 
   <compoundParameter idref="allMus"/> 
   <parameter  
idref="RABV_PG2463nt_2nd_Rom_n39_detailed.clock.rate"/> 
   <parameter idref="prov.clock.rate"/> 
   <parameter idref="prov.rates"/> 
   <parameter idref="prov.indicators"/> 
   <sumStatistic idref="prov.nonZeroRates"/> 
   <treeLikelihood idref="CP1.treeLikelihood"/> 
   <treeLikelihood idref="CP2.treeLikelihood"/> 
   <treeLikelihood idref="CP3.treeLikelihood"/> 
   <markovJumpsTreeLikelihood idref="prov.treeLikelihood"/> 
   <coalescentLikelihood idref="coalescent"/> 
  </log> 
 
  <log id="RABV_PG2463nt.provrateMatrixLog"  
  logEvery="2000" fileName="RABV_PG2463nt.rates.log"> 
   <parameter idref="prov.rates"/> 
   <parameter idref="prov.indicators"/> 
   <sumStatistic idref="prov.nonZeroRates"/> 
  </log> 
 
  <logTree id="treeFileLog" logEvery="2000" nexusFormat="true"  
  fileName="RABV_PG2463nt.trees.txt" 
   sortTranslationTable="true"> 
   <treeModel idref="treeModel"/> 
   <trait name="rate" tag="RABV_PG2463nt_2nd_Rom_n39_detailed.rate"> 
    <strictClockBranchRates  
   idref="RABV_PG2463nt_2nd_Rom_n39_detailed.branchRates"/> 
   </trait> 
   <trait name="rate" tag="prov.rate"> 
    <strictClockBranchRates idref="prov.branchRates"/> 
   </trait> 
   <posterior idref="posterior"/> 
   <trait name="prov.states" tag="prov"> 
    <markovJumpsTreeLikelihood idref="prov.treeLikelihood"/> 
   </trait> 
  </logTree> 
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  <!-- write markov jump histroy in txt file --> 
  <log id="completeJumpHistory" logEvery="5000"  
  fileName="RABV_PG2463nt_jumpHistory.log.txt"> 
   <completeHistoryLogger> 
    <markovJumpsTreeLikelihood idref="prov.treeLikelihood"/> 
   </completeHistoryLogger> 
  </log>  
 
 </mcmc> 
 <report> 
  <property name="timer"> 
   <mcmc idref="mcmc"/> 
  </property> 
 </report> 
</beast> 
ɺ ɺ
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#################################################################################### 
library(deSolve) 
library(lattice) 
 
############################################## 
##  Deterministic SEIR Model under pulse vaccination ## 
############################################## 
## S = Susceptible, E= Exposed, I= Infected, R = Removed (Died by rabies) 
## V = vinated, RR = Reported 
## Unit is "month" 
## Annual pulse vaccination 
## One month continuos vaccination once a year 
## Assuming dog population in Tablas island in Romblon (where RABVs were migrated) 
seirPv <- function(time, state, parameters) { 
  with(as.list(c(state, parameters)), { 
    n <- c(1:50) 
    if(any(time>=12*n & time<12*n+1)) 
    dS <- -beta * S * I + a*(S+E+V) - b*S  - m*((S+E+I+V)/area)*S - v*S + delta*V 
     else dS <- -beta * S * I + a*(S+E+V) - b*S  - m*((S+E+I+V)/area)*S + delta*V 
    dE <- beta*S*I - sigma*E -b*E  - m*((S+E+I+V)/area)*E 
    dI <- sigma*E - gamma * I - b*I  - m*((S+E+I+V)/area)*I 
    if(any(time>=12*n & time<12*n+1)) 
    dV <- v*S - delta*V -b*V - m*((S+E+I+V)/area)*V  
     else dV <- -delta*V - b*V - m*((S+E+I+V)/area)*V  
    dR <- gamma*I 
     
    # Reporting rate r 
    dRR <- r*gamma*I 
 return(list(c(dS, dE, dI, dV,dR, dRR))) 
  }) 
} 
 
#################################### 
### 1. Total Reported cases due to rabies ## 
#################################### 
## R0: basic reproduction number 
## report: Reporting rate 
## vac: vaccination rate = 0.18 in this study 
## birth: birth rate = 0.42 in this study 
## death: general mortality rate = 0.33 in this study 
## parameters in Table 3 
rptd <- function(R0,report,vac,birth,death){ 
  Infected <- Died <- Reported <- data.frame(V1=c(0:60)) 
  N <- 7357             # Dog population in Odiongan&Looc in 2012 
  K <- 7357/233.064     # Carrying capacity; dogs/km2 in Tablas island in 2012 
  # Initial status 
  # init(R)= Dogs vacciated in 2012 
  init <- c(S = N-1-N*vac, E = 0, I = 1, V = N*vac, R = 0, RR = 0)  
   
  parameters <- c( 
    beta = R0*(1/(25.5/30) + 0.42/12)*(1/(5.7/30) + 0.42/12)/(N*1/(25.5/30)),  
    sigma = 1/(25.5/30),  
    gamma = 1/(5.7/30),  
    v = vac, 
    delta = 1/(2*12),  
    a = birth/12,  
    b = death/12, 
    m = ((0.42-0.33)/12)/K, 
    area = 233.064, 
    r=report)   
   
  times <- seq(0, 60, by = 1) # upto 60/12 years 
  out <- as.data.frame(ode(y = init, times = times, func = seirPv, parms = parameters)) 
  out$time <- NULL 
  Infected <- out[,3] 
  Died <- out[,5] 
  Reported <- out[,6] 
  final <- max(Reported) 
  return(final) 
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} 
 
## Heatmap of the reported cases (5 yrs) under various R0 and r 
hmap.rptd <- function(vac,birth,death){ 
  # R0 = 1~2, r = 1~30%   
  hmap <- matrix(rep(NA,330),nrow=11) 
  for(i in 1:11){ 
    for(j in 1:30){ 
      hmap[i,j] <- rptd(R0=1+(i-1)/10,report=j/100,vac,birth,death) 
    }} 
  tex <- paste("vaccination coverage =",vac*100,"%") 
  filled.contour(1+((1:11)-1)/10,(1:30),hmap,xlab="R0",ylab="Reporting rate (%)", 
    col=topo.colors(20),main=tex) 
  return(hmap) 
} 
 
## Results 
hmap.rptd(vac=0.18,birth=0.42,death=0.33) 
 
################################# 
## 2. Time required to report ≥1 cases ## 
################################# 
trqd <- function(R0,report,vac,birth,death){ 
  Infected <- Died <- Reported <- Reported_1m <- data.frame(V1=c(0:60)) 
  N <- 7357             # Dog population in Odiongan & Looc in 2012 
  K <- 7357/233.064     # Carrying capacity; dogs/km2 in Tablas island in 2012 
  # Initial status 
  init <- c(S = N-1-N*vac, E = 0, I = 1, V = N*vac, R = 0, RR = 0)    
  parameters <- c( 
    beta = R0*(1/(25.5/30) + 0.42/12)*(1/(5.7/30) + 0.42/12)/(N*1/(25.5/30)),  
    sigma = 1/(25.5/30),  
    gamma = 1/(5.7/30),  
    v = vac, 
    delta = 1/(2*12),  
    a = birth/12,  
    b = death/12, 
    m = ((0.42-0.33)/12)/K, 
    area = 233.064, 
    r=report)   
      
  times <- seq(0, 60, by = 1) # upto 60/12 years 
  out <- as.data.frame(ode(y = init, times = times, func = seirPv, parms = parameters)) 
  out$time <- NULL 
  Infected <- out[,3] 
  Died <- out[,5] 
  Reported <- out[,6] 
  for(k in 1:61){ 
    Reported_1m[k,] <- if(out[k,6]<1) 1 else 0 
  } 
  trqd_1m <- sum(Reported_1m)+1 
  return(trqd_1m ) 
} 
 
## Time required to detect ≥1 case after introduction under various R0 and r  
hmap.trqd <- function(vac,birth,death){ 
  # R0 = 1~2, r = 1~30% 
  hmap <- matrix(rep(NA,330),nrow=11) 
  for(i in 1:11){ 
    for(j in 1:30){ 
      hmap[i,j] <- trqd(R0=1+(i-1)/10,report=j/100,vac,birth,death) 
      ## Cutoff of 12 months 
      if(hmap[i,j]>12) hmap[i,j] <- 12 
    }} 
  tex <- paste("vaccination coverage =",vac*100,"%") 
  filled.contour(1+((1:11)-1)/10,(1:30),hmap,xlab="R0",ylab="Reporting rate (%)", 
      col=topo.colors(20),main=tex,family="Arial") 
  return(hmap) 
} 
 
## Results 
hmap.trqd(vac=0.18,birth=0.42,death=0.33) 
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#################################################################################### 
library(maptools) 
library(rgdal) 
library(gdistance) 
library(seqinr) 
library(ape) 
library(adegenet) 
library(ecodist) 
 
################################## 
##             Data set             ## 
################################## 
setwd("XXXXX") # Set working directory 
 
## Map data 
rasters.scl <- raster("XXX") 
 
## Rabies samples location data 
rabv <- readShapePoints("XXXX") 
proj4string(rabv) <- CRS("+proj=longlat +ellps=WGS84") 
 
## Rabies sequence data 
dna <- fasta2DNAbin(file="./seq/RABV_G_Luz_n289_20141224_fin.fas") 
 
############################################ 
##                   Mantel test                ## 
## Cost or Conductance =  a*V1                 ## 
## V1 = Predictors, (e.g. slope, road, population)    ## 
## a = cost/conductance coefficient                ## 
############################################# 
# dna: sequene data 
# points: location of the samples 
# raster.scl: raster map (predictors to be tested) 
# Resistance: 1=TRUE (Cost), 2=False (Conductance) 
# max: max of coefficient a in the graph 
 
## Mantel test under Cost or Conductance model of Variable V1 
mantel.test <- function(dna,points,raster.scl,Resistance,max){ 
  # Genetic distance (Kimura 2-parm model) 
  genDist <-dist.dna(dna,model="K80",gamma=F) 
 
  calc <- function(par){ 
    a <- par[1] 
    # Cost or Conductance surface 
    R <- 1 + a*raster.scl 
    if(Resistance=="1"){ 
    tr <- transition(R, function(x){1/mean(x)},directions=16) 
    } 
    if(Resistance=="2"){ 
      tr <- transition(R, function(x){mean(x)},directions=16) 
    } 
    tr.c <- geoCorrection(tr,scl=FALSE) 
 
    # Least-cost distance 
    costDist <- as.dist(costDistance(tr.c,points)) 
 
    # Mantel test 
    test <- mantel(genDist ~ costDist) 
    return(test) 
  } 
 
  graph <- data.frame(no=0:50,r=rep(NA,51), 
                      L95=rep(NA,51), 
                      H95=rep(NA,51)) 
  # Mantel test under various coefficient a 
  for(i in 1:51){ 
    corr <- calc(graph$no[i]*max/50) 
    graph$r[i] <- corr[1] 
    graph$L95[i] <- corr[5] 
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    graph$H95[i] <- corr[6] 
  } 
 
  # Plot 
  x <- graph$no*max/50 
  y <- graph$r 
  y1 <- graph$L95 
  y2 <- graph$H95 
  xlabel <- if(Resistance=="1"){paste("Cost coefficient")} else  
     paste("Conductance Coefficient") 
  matplot(x,graph[,c(3,4)],col="grey85",type="l",lty=1,xlim=c(0,max), 
     xlab=xlabel,ylab="mantel's r") 
  polygon(c(x,rev(x)),c(y1,rev(y2)),col="grey85",border="grey85",lty=1) 
  matplot(x,y,type="l",col=1,lty=1,add=T) 
  return(graph) 
} 
 
## Graph of Cost and Conductance model of Varable V1 
# x: Results under Cost model 
# x.C: Results under Conductance model 
fig <- function(x,x.C){ 
  y <- data.frame(x,x.C) 
  matplot(y$no*10,y[,c(3,4,7,8)],col="grey85",type="l",lty=1,xlim=c(0,500), 
     xlab="cost/conductance coefficient",ylab="mantel's r") 
  polygon(c(x$no*10,rev(x$no*10)),c(x$L95,rev(x$H95)),col="#30303030", 
     border="#30303030",lty=1) 
  polygon(c(x.C$no*10,rev(x.C$no*10)),c(x.C$L95,rev(x.C$H95)),col="#95959530", 
     border="#95959530",lty=1) 
  matplot(y$no*10,y[,c(2,6)],type="l",col=1,lty=c(1,2),add=T) 
} 
 
## Mantel test using slope data 
SL <- mantel.test(dna,rabv,slope.scl,1,500)   # "Slope is Cost" 
SL.C <- mantel.test(dna,rabv,slope.scl,2,500) # "Slope is Conductance" 
 
# Plot the results of slope under both cost and conductance model 
fig(SL,SL.C)                           
ɺ ɺ
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#################################################################################### 
library(maptools) 
library(rgdal) 
library(gdistance) 
library(seqinr) 
library(ape) 
library(adegenet) 
library(ecodist) 
 
################################ 
##             Data set           ## 
################################ 
setwd("XXXXX") # Set working directory 
 
## Map data 
rasters.scl <- raster("XXX") 
 
## Rabies samples location data 
rabv <- readShapePoints("XXXX") 
proj4string(rabv) <- CRS("+proj=longlat +ellps=WGS84") 
 
## Posterior set of phylogenetic trees (by MrBayes, editted for AI test in BaTS) 
ai.input <- readLines("./XXXX/tmp/RABV_AI_input.txt",n=-1) 
 
################################################################ 
##-------------------------------------------- LCD clusters -------------------------------------## 
## Least-cost distance calculation                                       ## 
## R =  a*V1                                                         ## 
## V1 = Slope, road, population, landtype etc                             ## 
## a = resistance coefficient                                            ## 
##---------------------------------- MDS & k-means ------------------------------------------## 
## Least cost distance matrix will be projected into 2 dimension map by MDS ## 
## Iteration of k-means: max 100                                        ## 
## Number of start: 1000 to obtain convergence                           ## 
##--------------------------------------- BaTS analysis -----------------------------------------## 
## Traits: k-means clusters                                             ## 
## No of iterations for null distribution = 100                               ## 
################################################################# 
# ai.input: template tree set for BaTS 
# points: location of the samples (SpatialPoints) 
# raster.scl: raster map (predictors to be tested) 
# Resistance: 1=True (Cost), 2=False (Conductance) 
# K: no of k-means clusters 
# max: max of coefficient a in the graph 
## AI test under Cost or Conductance model of Variable V1 
 
AI.test <- function(ai.input,points,raster.scl,Resistance,K,max){ 
  bats <- function(par){ 
   # Least cost distance 
   a <- par[1] 
   R <- 1 + a*raster.scl 
   if(Resistance=="1"){ 
    tr <- transition(R, function(x){1/mean(x)},directions=16) 
    } 
   if(Resistance=="2"){ 
    tr <- transition(R, function(x){mean(x)},directions=16)     
    } 
   tr.c <- geoCorrection(tr,scl=FALSE) 
   costDist <- as.dist(costDistance(tr.c,points)) 
 
   # K-means clustering 
   mds <- cmdscale(costDist,k=2) 
   kc <- kmeans(mds[,c(1,2)],K,iter.max=100,nstart=1000) 
 
   # Input file for BaTS    
   input <- NA 
   for(i in 1:nrow(points)){ 
    input[i] <- paste(i,kc$cluster[i]) 
    ai.input[i+3] <- input[[i]] 
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    } 
   # template file generated in the tmo folder 
   write(ai.input,"./XXXX/tmp/temp.txt") 
   # AI test (100 replicates for randomization test) 
   # Use BaTS software (java) from R using "command" 
   command <- paste(" 
   java -jar C:/Users/XXXXX/BaTS_beta_build2.jar single  
   ./XXXX/tmp/temp.txt 100", K) 
   output <- system(command,intern=T,show.output.on.console=F) 
    
# Extract AI results 
   output <- strsplit(tail(output,K+5+2),"¥t") 
    aio <- as.numeric(output[[1]][2:4]) # Observed AI 
    aie <- as.numeric(output[[1]][5:7]) # Expected AI 
   # AI ratio = Observed AI[95CI from posteriors]/ Expected AI 
   ai.r <- data.frame(med=aio[1]/aie[1],L95=aio[2]/aie[1], H95=aio[3]/aie[1]) 
   ai.o <- data.frame(med=aio[1],L95=aio[2],H95=aio[3]) 
     ai.e <- data.frame(med=aie[1],L95=aie[2],H95=aie[3]) 
     AI <- rbind(ai.r,ai.o,ai.e) 
     rownames(AIPS)<-c("AI ratio","AI","AI exp") 
     return(AI) 
     } 
 
  graph <- data.frame(no=0:50,ai=rep(NA,51),     
    ai95L=rep(NA,51), 
     ai95H=rep(NA,51), 
   aie=rep(NA,51),    
    aie95L=rep(NA,51), 
     aie95H=rep(NA,51), 
     air=rep(NA,51), 
     air95L=rep(NA,51), 
     air95H=rep(NA,51)    
    ) 
  # AI test under various coefficient a 
  for(i in 1:51){ 
   AIs <- bats(graph$no[i]*max/50) 
   graph$ai[i] <- AI[2,1] 
   graph$ai95L[i] <- AI[2,2] 
   graph$ai95H[i] <- AI[2,3] 
   graph$aie[i] <- AI[3,1] 
   graph$aie95L[i] <- AI[3,2] 
   graph$aie95H[i] <- AI[3,3] 
   graph$air[i] <- AI[1,1] 
   graph$air95L[i] <- AI[1,2] 
   graph$air95H[i] <- AI[1,3] 
   } 
    
    # Plot       
    xlabel <- if(Resistance=="1") {paste("Cost coefficient")}  else paste("Conductance coefficient") 
    x <- graph$no*max/50 
    matplot(x,graph[,8:10],type="l",xlim=c(0,max),xlab=xlabel,ylab="AI ratio",lty=1,col="grey85") 
 polygon(c(x,rev(x)),c(graph$air95L,rev(graph$air95H)),col="grey85",border="grey85") 
 matplot(x,graph$air,type="l",lty=1,col=1,add=T) 
    return(graph) 
 } 
 
## Graph of Cost and Conductance model of Varable V1 
# x: Results under Cost model 
# x.C: Results under Conductance model 
fig <- function(x,x.C){ 
  y <- data.frame(x,x.C) 
  matplot(y$no*10,y[,c(9,10,19,20)],col="grey85",type="l",lty=1,xlim=c(0,500), 
     xlab="cost/conductance coefficient",ylab="AI ratio") 
  polygon(c(x$no*10,rev(x$no*10)),c(x$air95L,rev(x$air95H)),col="#30303030",border="#30303030",lty=1) 
  polygon(c(x.C$no*10,rev(x.C$no*10)),c(x.C$air95L,rev(x.C$air95H)),col="#95959530", 
     border="#95959530",lty=1) 
  matplot(y$no*10,y[,c(8,18)],type="l",col=1,lty=c(1,2),add=T) 
} 
 
## AI test using slope data, K (number of clusters) = 10 
slope.AI10 <- AI.test(ai.input,rabv,slope.scl,1,10,500) 
slope.AI10C <- AI.test(ai.input,rabv,slope.scl,2,10,500) 
fig(slope.AI10,slope.AI10C) 
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